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South Dakota S tate Univers ity 
Brookings , South Dakot a  
Depar tment o f  Animal Science 
Agr i cu ltural Experiment Station A . S .  Series 77-29  
High-Protein ( Spear ) Oats for  Sows During Reproduct ion 
Richard C .  Wahlstrom and George W .  Libal 
The Nati onal Research Council suggests  that gilts  and sows requ ire . 42 %  
lys ine i n  the gestation d i e t  and .60% lys ine i n  lactat ion diet s . Spear oats 
has been shown t o  contain about . 65 %  lysine which is  cons iderably higher than 
the amount of lysine found in corn ( . 2 5 % )  or o ther cereal grains . 
The obj e c t ive of this experiment was to  determine the ef fect of Spear oats 
as the only s ource of protein t o  sows during ges tation and as the only grain 
s ource in lactation diets  on sow reproduct ive performance and p ig performance 
to weaning . 
For ty-e ight gilts  were allotted on the basi s  of weight and ances t ry to 
two groups approximately 30 days  prior to  the ini tiat ion of  breeding . One group 
was fed 4 lb . per gilt  per day of the control diet and the other group was fed 
4 . 8  lb . per gilt daily of the oat diet . Ten days prior t o  breeding and to  7 days 
af ter breeding the daily feed was increased to  6 . 00 and 7 . 25 lb . for control and 
oat diet s , respectively, and then reduced to the previous levels . Approximate ly 
30 days  after breeding the daily feeding level  was increased to  6 lb . per day for 
gilts  rece iv ing the oat diet  as they were not gaining weight comparable to 
those animals fed 4 lb . daily of the control diet . 
At 1 1 0 days  of ges tat ion the animals  were moved t o  the farrowing house and 
p laced in indiv idual farrowing crates . The lactat ion diets  were fed at 6 lb . 
per day to f arrowing and a� lib��um f rom farrowing t o  weaning at  35 days . 
Af ter weaning the sows were returned t o  the gestat ion t re atment s  and fed  6 . 00 or 
7 . 25 lb . daily to  breeding and 4 and 6 lb . daily of the control and oat d iets , 
respec t ively , during the second gestat ion period . Management during the second 
lactat ion was s imilar to that f or the first  period . 
The composit ion of the diets  is sho•vn in table 1 .  The gestation diets were 
calculated to contain . 6 3 %  lysine and the lactat ion diets  .7 7 %  lys ine . 
Results 
Table 2 summari zes  the data obt ained in this experiment. Conception was 
not affected by the dietary treatment as 1 1  gilts  in the cont rol group and 12  
of the gilts  fed oats  farrowed . Although the oat  diet  was fed  at  a higher 
level , gain was 28% less for gilts  fed the oat diet s .  During the s econd 
ges tat ion period , gains were approximately 1 8 %  less for sows fed the oat diets .  
It would appear that the oat diet contained considerably less available energy 
than the control diet . 
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There were no s ignif icant differences in number of p ig s  born and weaned 
or in average lit ter or p ig we igh ts at birth and weaning . Li t t er size  farrowed 
and weaned was below expectat ions for second lit ter sows . However , the problems 
encountered were similar in both group s and not due to dietary treatment . 
Self-feeding the lactation diets resulted in first  lit ter  sows maint aining 
their weight during a 5-week lact at ion period while consuming 1 1 .1 and 1 2 .2 lb . 
of control or oat diets , respect ively . Second lit ter sows consumed more feed 
daily and gained more we ight during lactation than first  lit ter sows . Those 
second lit ter sows fed the oat diet consumed more feed daily ( 1 8 .1 vs 15 .5 lb .) 
and gained more during lactat ion (5 8 . 5  vs 42. 9 lb .) than s ows fed the control 
diet . 
A limited number of sows were fed a gestation diet of Spear oats supple­
mented with minerals and vitamins and a lactat ion diet of Spear oats and soybean 
meal with mineral-vitamin supplement ation through two reproductive periods . 
Reproductive performance was equal t o  that of sows fed corn-soybean meal type 
diets of equal lys ine content . Ges tat ion gain was les s  for animals fed the oat 
diet, even when daily feed was increased to  6 lb . per day compared to  those  fed  
4 lb . daily of the control diets.  
6 
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Table 1 .  Compos ition of Diets (Percent ) 
Gestation Lac tation 
�------�-- ---··--- ----
Spear Spear 
Control oat s Control oats 
Ground corn 73. 5 68. 5 
Ground Spear oat s 9 7 . 0 79. 6 
Soybean meal , 44% 1 3 . 5 
Soybean meal , 48% 1 8. 0  7. 0 
Alfalfa me al , 1 7 %  1 0 .  0 
Beet pulp 10. 0 10. 0 
Dicalcium phosphate 2 . 0 1 .  4 2 . 0 2 . 0 
Ground limes t one .4 1. 0 . 8  . 8  
Trace mineral salt . 5 . 5 . 5  . 5  
Vit amin premixa . 1 . 1 . 1 . 1 
a Provided per lb . of diet : vitamin A ,  2000 ID;  vitamin D ,  200 IU ; 
vitamin E ,  2 . 5 mg ; riboflavin , 1.25  mg ; pantothenic acid , 5 mg ; niacin , 8 mg ; 
choline , 25  mg and vitamin B12' 5 mi crograms . 
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Table 2 .  E f fect of High-Protein Oat s  (Spear )  in Ges tation and Lac tation Diet s  
o n  Sow and Pig Performance i n  Two Suc cessive Reproduct ive Period s  
Firs t  litter Second litter 
Spear Spear 
Control oats Cont rol oats 
Number farrowed 1 1  1 2  8 7 
Avg . breeding wt ., lb. 280 2 7 7  343 300 
Avg . gestation gain (0- 1 10 days ) ,  lb . 1 1 4 8 1  106 8 7  
Avg . lactation gain ( 35 days ) ,  lb. 2 . 0 1 .  8 42. 9 58. 5 
Avg . lactation feed cons . /day , lb . 1 1 . 1 1 2 . 2 1 5 . 5 1 8. 1 
Avg . number live p ig s  born 9. 9 9 .  1 7 . 4 8. 1 
Avg . number stillborn p ig s  . 5  . 3 . 5 2. 0 
Avg . number p ig s , 35 days 7. 5 6. 8 5 . 0 5 . 0 
Avg . litter bir th wt ., lb . 2 7 .  1 26 . 6 20. 2 22. 0 
Avg . p ig birth wt . , lb . 2 . 6 2. 9 2. 8 2. 9 
Avg . litter wt . ( 35 days ) , lb. 1 1 5 .  5 106. 3 82. 1 79. 6 
Avg . p ig wt . (35  days ) , lb . 15 . 4 1 5 . 6 16 . 4 1 5 . 9 
8 
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South Dakota State Univers ity 
Brookings, South Dakot a  
Department of Animal  Science 
Agricultural Experiment Stat ion A . S .  Series 77-30  
High-Protein Oats  in  Ground and Pelleted Pig  Starter Diets 
Richard C .  Wahlstrom and George W.  Libal 
Oat varieties have been shown to have a wide range in protein content . 
Research reported previous ly at this s tat ion has shown that Spear oats has 
a high p rotein content and also a high lysine content compared to  many o ther 
oat varieties . I t  was also shown that this oats could con s titute up to  40% of 
a s t arter diet when fed as a ground, mixed diet . One of the prob lems encountered 
was that ground diets of  40% or more oats have a tendency to bridge in the feeder 
so that feed may not always be availab le in the feeder cups . 
The obj ectives of this experiment were to  obt ain further informat ion on 
levels of Spear oats in ground die t s  and t o  determine the level of Spear oats 
that could be included in s t arter diets when the diets were fed in pelle ted 
form .  
Experimen�a� Procedure 
Trial 1 .  One hundred twenty-s ix cro s sbred p igs averaging about 20  lb . in 
ini t ial  weight were allotted to three rep licates of seven treatments . Each pen 
contained s ix p igs . The p igs were housed in an enclosed building having solid 
concrete floors that were bedded with shavings .  Feed and water were provided 
ad lib itum during the 4-week trial . 
The composit ion of  the diets which were fed in ground form is shown in 
t ab le 1 .  The Spear oats analyzed 1 7 . 5 % protein and . 66 %  lys ine on a 90%  dry 
mat ter bas i s . All diets were formulated to contain . 92 %  lysine . The dietary 
treatments contained 0 ,  10 , 20 , 30 , 40 , 50  and 60% of oat s . 
Trial 2 .  Six rep licate groups of 2 5  crossbred p ig s  averaging about 1 8  lb . 
were randomly as s igned t o  provide five treatment groups of f ive pigs each within 
rep licates . The p igs were hous ed in pens having a concrete f loor s loping to a 
gut ter  covered with expanded metal .  Temperature was controlled and no bedding 
was used . 
the 
the 
Spear oat s used 
same formulat ion 
following levels 
came from the same source as in trial 1 .  
but were fed in pelleted form . Treatments 
of oat s : 0 ,  30 , 40 , 5 0  and 60 percent . 
Results 
Diet s were of  
consisted of 
Trial 1 .  A summary of the effect of various levels of Spear oat s in 
ground die t s  for young p ig s  is shown in table 2 .  There were s ignif icant 
differences in average daily gain among treatments . The best  gains ( . 85 lb . 
per  day) were made by p igs fed diets containing 20%  oats , with gains 
decreasing to . 69 and .64 lb . per day for p igs fed diets of 50  and 60 % oats .  
Feed/g ain was les s  when pigs  were fed die t s  of  10  or  20%  oat s than when higher 
levels of oat s were fed .  
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1_ria1: '.?-_. The effect of pelleted diets  containing 0 ,  30 , 40 , 50 or 60% 
Spear oats on the performance of ear ly weaned p ig s  is shown in table 3. There 
were no dif ferences in performan ce of the pigs fed the various diet s . Daily 
gains were . 89 ,  . 92 ,  . 88 ,  . 9 9 and . 87 lb. per day for p igs fed diets of 
0 ,  30 , 40 , 50  or 60% Spear oat s , respectively . Feed/gain was somewhat greater 
for pigs fed the diet of 60% oats ( 2.07 compared t o  1 . 84 , 1 . 92 ,  1 . 8 1  and 1 . 82 
for the other treatment s ) .  
Two trials were conducted wi th a t otal o f  2 7 6  crossbred p ig s  t o  evaluate 
various levels of  high-protein ( Spear ) oats in diets for young weaned p igs . 
Diets  were  formulated to  be equal in lysine content , thus  soybean meal was 
reduced as levels of oats increased. In trial 1 ,  ground diets were used , while 
in trial 2 all diets were pelleted. 
The results indicated that pigs fed ground diets containing 50 and 60% 
oats gained . 1 1 and . 1 6 lb. per day less than pigs fed the corn d iet.  Feed/gain 
was increased with levels of 40 , 50  and 60% oats .  However , when the diets were 
fed in pelle ted form , gains were similar at  all dietary levels of oats and 
feed/gain was increased only at the 60% level of oats.  
The resu lts indicate that the young weaned p ig can ut ilize relatively high 
levels of high-protein Spear oat s. Each 10  lb. of oats replaced approximately 
8. 6 lb. of corn and 1 . 4  lb . of soybean meal in the diet s .  
�o 
.. 
Ingredients 
Corn 
Spear oat s 
Soybean meal , 48% 
Di cal 
Limes tone 
Trace mineral salt 
Premixa 
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Table 1 .  Composit ion of Diets (Percen t )  
--- �-·-- --�----------------
__ . _____ 
__R_�rcent �_!12.g_h-protein oats 
0 10  20  30  40  
- �--·---- ------·-----------
7 3 .  1 64 . 4  SS. 8 47 . 4  38 . 8  
10 . 0  20 . 0  30 . 0  40 . 0  
24 . 2  22 . 9  2 1 .  s 20 . 0  18 . 6  
1 .  4 1 .  4 1 .  4 1 .  3 1 .  3 
. 8 . 8 . 8  . 8  . 8  
. 4  . 4  . 4 . 4 . 4 
. 1 . 1 . 1 . 1 . 1 
so 60 
30 . 2  2 1 .  7 
so.o 60 . 0  
1 7 . 2  lS .  7 
1 .  3 1 .  3 
. 8 . 8  
. 4  . 4  
. 1 . 1 
a Supp lied per lb. of diet : vitamin A ,  2000 IU ; vitamin D ,  200 IU ; 
vitamin E ,  3 IU ; vitamin K ,  1 . 2  mg ; r ibof lavin , l . S  mg ; p antothenic acid , 
6 mg ; niacin , 9 . 6  mg ; choline , 30 mg ; vitamin B 1 2 , 6 mcg ; auroemycin , 
SO mg ; penicillin , 25  mg and sulfamethazine , SO milligrams . 
Table 2 .  Effect  of  High- Protein Spear Oats on Perf ormance 
of Young Weaned Pigs 
Level  of Spear 
0 1 0  2 0  30  
Number of p ig sa 1 8  1 8  1 8  1 8  
Avg .  initial wt . , lb . 20 . 0  19 . 7 1 9 . 7  1 9 . 9  
Avg .  f inal wt . , lb . 42 . 3  42 . 0  4 3 . 4  40 . 2  
Avg . daily gain , lb . b . 80 . 80 . 8S . 7 2  
Daily feed consumed , lb . 1 .  7S  1 .  60  1 .  72  1 .  6S 
Feed/gain 2 .  1 3  2 . 0 1 2 . 08 2 . 28 
a Three replicate lots  of s ix pigs each per t reatment . 
b S ignif icant difference among treatments (P< . OS) . 
1 1  
oats 
40 so 
1 8  1 8  
1 9 . 7  19 . 7  
40 . 9  38 . 9  
. 7 6 . 69 
1 .  8S 1 .  62 
2 . 44 2 . 34 
60 
1 8  
19 . 8  
3 7 . 8  
. 64 
1 .  S 9  
2 . 4 1  
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Tab le 3 .  Eff ect of Pelleted Spear Oat s  
i n  Diets for Young Pigs 
Level of Spear oats 
0 30 40 so 60 
Number of p igsa 30 30  30  30 30  
Avg. init ial wt. , lb. 1 8 . 2  1 8 .  1 1 8 .  1 1 8 . 2  1 8 . 2 
Avg. f inal wt . ,  lb. 43 . 3  43 . 8  42 . 9  45 . 8  42 . 5  
Avg.  daily gain, lb. . 89 . 92  . 88 . 99 . 8 7 .. 
Daily feed consumed , lb. 1 . 60 1 .  7 6  1 .  6 0  1 .  7 9  1 .  80 
Feed /gain 1 .  84 1 .  92  1 .  8 1  1 .  82 2 . 07 
a Six rep licate lots  of f ive pigs each per treatment. 
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South Dakota State University 
Brookings , South Dakota 
Depar tment of Animal Science 
Agricultural Experiment Stat ion 
Lys ine-Energy Relat ionships in Die t s  for 
Growing and Finishing Swine 
A . S .  Series 7 7 - 3 1  
Richard C .  Wahlstrom ,  George W .  Libal and James L .  Girard 
Increas ing the energy content of swine diet s will  generally improve feed 
efficiency as less feed is consumed and rate of gain is  not affected . Limited 
research with weaned p igs has indicated that the lys ine requirement is increased 
as dietary energy increases when there are relatively large dif ferences in 
dietary energy content . Previous research at this s t ation (A . S .  Series 7 6 - 3 3 )  
d i d  n o t  indicate any s ignif icant dif ference i n  the lys ine needs o f  growing and 
f inishing p igs when S% fat  was included in a corn-soybean diet . The experiment 
rep or ted here was conducted to obt ain additional informat ion on the effect of 
lys ine and energy relat ionships in diet s fed to growing and finishing swine . 
Experimental Procedure 
The experiment cons isted of two separate trials , a growing and a finishing 
t r ial . In both trials , 96 crossbred p ig s  were allotted on the bas is of weight , 
sex and ances t ry t o  1 2  replicated treatments with four p ig s  per pen .  The animal s  
were housed in uninsulated , wooden build ings with concrete floor s and an out side  
concrete lot where self-f eeders and waterers were located . Blood samp les were 
taken at the end of each trial for analysis  of b lood urea nitrogen (BUN) . 
Growing Trial . The growing trial was conducted for S weeks with p igs of an 
average init ial we ight of 46 p ounds .  Treatments cons isted of two energy levels 
and six lys ine levels within each energy level .  The composition of the two 
die t s  used is shown in t able 1 .  The corn s t ar ch diet was calculated to contain 
approximately 1 404 kcal of met abolizab le energy (ME) per lb . and the diet with 
S% fat had 1Sl2  kcal ME per pound . L- lysine was added to  the basal diets in . OS% 
increments . Thus , dietary t reatments contained . SO ,  . SS ,  . 60 ,  . 6S ,  . 7 0  and . 7S% 
lys ine at two energy levels . 
Finishing Tr ial . The p ig s  used in this trial weighed an average of 1 2 6  lb . 
initially and the trial was conducted for 6 weeks . Treatments again cons i s ted 
of two energy levels ( 1 4 2 7  and 1 S36 kcal ME p er lb . )  and s ix lys ine levels ( . 40 , 
. 4S ,  . SO ,  . SS ,  . 60 and . 6S%) within each energy level . Composition of the basal 
diets is shown in t able 2 .  
Resul t s  
Growing Trial. Data f o r  average daily gain , daily feed , feed/ga in and BUN 
levels are presented in tab le 3 .  Means for average daily gains did not differ 
s ignif icant ly among treatments for either lys ine or  energy levels . However , 
there was a trend f or more rap id gains as the lys ine level increased to . 70 %  
in the s tarch die t . Since gains did  not increase in this manner when p igs were 
fed the higher energy , fat diet s , it  is possib le that the higher energy content 
increased amino acid requirement s  which may have resulted in a deficiency of 
tryp t ophan prohib i t ing a response from added levels of lys ine . 
1 3  
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Daily feed consumption was less when pig s  were fed the higher energy diet 
with 5 %  fat  rep lacing 5 %  s tarch .  Approximately 9 %  less feed was consumed daily 
by p igs fed the higher energy diet. Significant ly less feed/gain was required by 
pigs fed the higher energy diets . Feed/gain was 2 . 86 for animals fed the higher 
energy diet and 3 . 03 for those fed  the s tarch diet . There was no s ignif icant 
difference in feed/gain among the lys ine treatments , although there was a 
linear decrease  in feed/gain as lys ine levels increased . Blood urea nitrogen 
levels were less in p igs fed the 5 %  f at diet . 
Finishing Tria_�. Tab le 4 summarizes the results  of the finishing trial . 
Supp lemental lys ine resulted in improved gains of p ig s  fed the diet of 5 %  s t arch . 
However , when fat replaced s t arch , an increase in gains was noted only in p igs 
fed  diets of  . 45 and . 50% lys ine with gains decreas ing with each additional 
level of lys ine . This may have been due to  a lys ine imbalance in these diets . 
Pigs fed the lower energy diets gained 1 . 6 8 lb . daily compared to  1 . 54 lb . for 
those fed the higher energy diets .  
Significant ly les s  feed was consumed daily by pigs fed the higher energy 
diets . Pigs fed the two higher lys ine level diets also consumed less feed and 
were more ef ficient in feed conversion than p igs fed the other lys ine treatment s .  
An improvement in lys ine balance of the diets with increas ing levels of 
dietary lysine was indicated by the linear decrease in BUN that was observe d .  
The data for both feed/gain and BUN levels indicate that . 60% lysine gives 
opt imum performan ce of p igs fed the lower energy d iet of 1 4 2 7  kcal ME per lb . ,  
but the data for p igs fed  the higher energy were not cons istent enough to 
establish the dietary lys ine needed in this diet . 
Dietary energy and lysine level re lat ionships were s tudied in two trials , 
each us ing 9 6  crossb red pigs . The lower energy diets , 1 404 kcal ME per lb . in 
the growing phase and 1 4 2 7  kcal ME in the finishing phase , resulted in near 
op timum performance when they contained . 70 and . 60 %  lys ine for the growing and 
f inishing phases , respect ively . No requirement was es tab lished for the higher 
energy die t . 
Additional dietary energy resulted in less daily feed consumption and an 
improvement in feed eff iciency . 
1 4  
1 
---
- 3 -
Table 1 .  Composition of Growing Diets (Percent ) 
- - ---------- --�--- -------
Ingredients 
Corn 
Soybean meal, 44% 
Corn s tarch 
Animal fat 
Trace mineralized salt 
Dicalcium phosphate 
Limes t one 
Premixa 
Starch 
diet 
8 1 . 6  
10 . 1 
5 . 0  
. 5  
1 .  3 
1 .  0 
. 5  
Fat 
diet 
8 1 . 6  
10 . 1 
5 . 0  
. 5  
1 .  3 
1 . 0  
. 5  
a Supplied per lb . of diet : vitamin A ,  1 500 IU; 
vitamin D ,  1 5 0  IU ; vitamin E ,  5 IU ; ribof lavin , 1 . 25 mg ; 
p antothenic acid , 5 mg ; niacin , 8 mg ; choline , 25  mg ; 
vitamin B1 2 , 5 mcg and auroemycin , 10 milligrams . 
Table 2 .  Compos ition of Finishing Diets (Percen t )  
Ingredient s 
Corn 
Soybean meal , 44% 
Corn s t ar ch 
Animal fa t 
Trace mineralized salt 
Dicalcium phosphate  
Limes t one 
Premixa 
a See t able 1 .  
1 5  
Starch Fat 
diet diet 
86 . 0  86 . 0  
6 . 2  6 . 2  
5 . 0  
5 . 0  
. 5  . 5 
1 . 1  1 . 1  
. 7 . 7 
. 5  . 5  
- 4 -
Table 3 .  Effect  of Lysine and Energy Levels  on 
Performance of Growing Pigs 
Means 
Lysine, % for 
�������-"-· ���������� 
. 50 . 55 . 60 . 65 . 70 . 75 energy 
������������������� ������������������ 
Average daily gain , lb . 
Star ch diet 
Fat diet 
Means for lys ine 
Average daily feed , lb . 
Star ch diet 
Fat diet 
Means for lys ine 
Feed / ga in , lb .b 
Star ch diet 
Fat diet 
Means for lysine 
BUN , mg %b 
Starch diet 
Fat diet 
Means for lys ine 
. 97 
. 99 
. 98 
3 . 09 
2 . 91  
3 . 00 
3 . 20 
2. 95 
3.08 
22 . 45 
25 . 88 
24. 1 6  
1 .  0 6  
1 .  08  
1 .  0 7  
3 . 1 5 
3 . 28 
3 . 22 
3 . 00 
3 . 04 
3 . 02 
29 . 24 
21 . 80 
25 . 52 
1 . 06 
. 99 
1 .  02 
3 . 28 
2 . 7 3  
3 . 00 
3 . 1 2 
2 . 7 8  
2 . 95 
21 . 09 
22 . 28 
21 . 6 8  
1 .  1 2  
1 . 08 
1 .  10  
3 . 28 
3 . 04 
3 . 1 6 
2 . 97 
2 . 86 
2 . 92 
23 . 1 6 
19 . 26 
21 . 21  
1 .  15  
. 99 
1 . 08 
3 . 33 
2 . 69 
3 . 02 
2 . 88 
2 . 75 
2 . 82 
23 . 6 8 
1 3 .  25 
1 8 . 46 
1 .  04 
. 99 
1 .  0 1  
3 . 00 
2 . 7 3  
2 . 8 7  
2. 99 
2 . 76  
2. 88  
25 . 1 8  
20 . 21 
22 . 69 
a Two rep licates of four p ig s  each per treatment , average initial wt . , 
46  tounds . 
Signif icant dif ferences due to  energy (P< . 05 ) . 
1 6  
1 . 08 
1 .  0 1  
3 . 20 
2 . 91  
3 . 03 
2 . 86 
24 . 1 3 
20 . 45 
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Table 4 .  Effect of Lys ine and Energy Leve l on 
Performance of Finishing Pigsa 
Average daily gain , lb . 
Starch diet 
Fat diet 
Means for lys ine 
Average daily feed , lb . b 
Starch die t 
Fat diet 
Means for lysine 
Feed /gain , lb . 
Starch diet 
Fat diet 
Means for lys ine 
BUN , mg %c 
Starch diet 
Fat diet 
Means for lys ine 
. 40 . 45  
1 .  59 
1 .  54  
1 .  5 7  
5 . 93 
5 . 22 
5 . 56 
3 . 76 
3 . 39 
3 . 5 7 
1 2 . 65 
1 4 . 32 
1 3 . 49 
1 .  6 3  
1 .  7 2  
1 .  6 8  
5 . 6 7 
5 . 64 
5 . 66 
3 . 50 
3 . 30 
3 . 40 
1 3 . 80 
1 4 . 10  
1 3 . 95 
Lysine , % 
.so . 55  
1 .  6 8  
1 .  6 8  
1 .  6 8  
5 . 91 
5 . 49 
5 . 69 
3 . 50 
3.29 
3 . 40 
1 2 . 29 
1 1 .  5 8  
1 1 .  93 
1 .  8 1  
1 . 52 
1 .  66  
6 .  1 5  
4 . 87 
5 . 5 1 
3 . 43 
3 . 21 
3 . 32 
1 3 . 62 
10 . 86 
1 2 . 24 
. 60 
1 .  74  
1 .  46  
1 . 60 
5 . 3 8 
4 . 94 
5 . 1 6 
3 . 10 
3 . 42 
3 . 25 
9 . 89 
1 1 .  29 
1 0 . 59 
. 65 
1 .  70  
1 .  4 1  
1 .  5 6  
5 . 34 
4 . 52 
4 . 94 
3 . 1 5 
3 . 22 
3 . 1 8  
1 2 . 6 4  
10 . 89 
1 1 .  76 
Means 
for 
energy 
1 .  6 8  
1 .  54  
5 .  7 1  
5 . 1 1  
3 . 4 1 
3 . 30 
1 2 . 48 
12.  1 7  
a Two rep licates o f  four p igs each per treatment , average init ial weight , 
126 p ounds . 
b Significant difference due to  energy (P< . 05 ) . 
c Signif icant difference due to  lysine (P< . 05 ) . 
1 7  
\I 
I 
I 
South Dakota State Univers i ty 
Brookings, South Dakot a  
Depar tment of Animal Science 
Agricultural Experiment Stat ion A . S .  Series 7 7-32 
Opa9ue-2 Corn in Finishing Swine Diets 
Richard C .  Wahlstrom and George W.  Libal 
Opaque-2 corn contains approximately 50 to  100% more lys ine and 50% more 
tryp tophan than normal corn varieties . Since these  two amino acids are the mos t  
deficient in normal corn- supplement rations , the use o f  opaque-2 corn in swine 
diets will reduce the amount of protein supplement needed . Previous research 
at South Dakota has shown that f inishing p igs fed �ue-2 corn supplemented with 
lys ine and threonine grew at a s imilar rate but required more feed /gain than p ig s  
fed  a 1 3 %  protein corn-soybean meal diet . The obj ective of  this s tudy was t o  
determine the value of adding the amino acids lys ine , isoleucine and threonine 
to opaque-2 corn diets for f inishing swine . 
Experiment al Procedure 
Ninety- s ix cros sbred p ig s  having an initial average weight of approximat ely 
125 lb . were allotted to  24 pens of f our p ig s  each on the basis of ances try , sex 
and weight .  Four replicate pens were as s igned t o  each of the following s ix 
treatments : 
1 .  Opaque-2 corn 
2. O:eaque-2 corn p lus . 15%  L-lys ine 
3 .  Opaque-2 corn p lus . 15 %  L-lys ine and . 10% L-isoleucine 
4 .  Opaque-2 corn p lus . 15 %  L- lys ine and . 10% L-threonine 
5 .  Opaque-2 corn p lus . 15 %  L- lys ine , . 10% L- isoleucine and . 10%  
L-threonine 
6 .  Normal corn-s oybean meal  diet . 
The o:eaque-2 corn diet ( diet 1 )  contained approximately . 40%  lys ine and 
diets 2 t o  6 were calculated t o  contain . 55 %  lys ine . The composit ion of the 
basal diet is shown in table 1 .  Pig s  were housed in a s lat ted f loor conf inement 
house . The experiment was conducted f or 8 weeks . The barrows were s laughtered 
and carcass data obt ained . 
Re sults 
Growth performance and carcass data are summar ized and presented in 
table 2 .  There were no s ignif icant dif ferences among t reatments in any of the 
parameters . However ,  average daily gains and feed /gain were bes t f or p ig s  
f e d  the corn-s oybean meal diet . Supp lementation of opaque-2 corn with the amino 
acids lysine , isoleucine or threonine did not result in any cons is tent improvement 
in daily gains , although feed ef ficiency was improved s lightly when p ig s  were 
fed thes e  supp lemented diet s . Rat e  of gain dif fered s ignif icant ly between 
barrows and gilts with the barrows gaining at the faster rate . 
1 8  
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Car cass  backfat , length , loin eye area , percent ham and loin and p ercent 
lean were s imilar among treatments. There d id appear t o  be a trend t oward a 
lar ger loin eye area when pigs were fed op�que-2 corn diets  supplemented with 
at least two amino acids. However , the numbers of animals in e ach group were 
t o o  few for s ignif icance of dif ferences of 10  to  20% in loin eye area ( 4. 1 7  and 
4. 1 5  sq. in. for p ig s  fed diets 1 and 2 compared t o  4. 5 7 , 5. 1 0 ,  4. 9 1  and 4. 92 
sq. in. for p igs on treatments 3 ,  4 ,  5 and 6 ,  respectively) . 
Summary 
Ninety- s ix crossbred p ig s  we ighing 125  lb. initially were fed opaque-2 
corn diet s supplemented  with minerals and vitamins and dif ferent amounts of 
supp lement al amino acids. In this trial , there were no signif icant dif ferences 
in performance or carcass  characteris tics due to supplement al amino acids. 
Pigs fed a 1 3% protein , corn-s oybean meal diet had the best rate of gain and 
feed ef f iciency. 
1 9  
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Table 1 .  Composit ion of Diet s  (Percent ) 
_Qp_aque-2 Normal  
Ingredi�nt corn corn-SBM 
Opaque-2 corn a 97. 70 
Normal corn 86. 80 
Soybean meal , 44%  1 1 . 00 
Dicalcium phosphate . 94 . 7 8 
Ground limes t one . 78 . 84 
Trace mineralized salt . 50 . 50 
Premixb . 08 . 08 
a Amino acids supplemented for equal weight of corn in 
treatment s  2 ,  3 ,  4 and 5 .  
b Provided p e r  lb. o f  diet : vitamin A ,  1 5 00 IU ; 
vitamin D ,  150  IU ; vitamin E ,  2. 5 IU ; vitamin K ,  1 mg ; 
ribof lavin , 1 . 25 mg ; p antothenic aci d ,  5 mg ; niacin , 8 
mg ; choline , 25 mg ; vitamin B 12 , 5 mcg and chlortetra­
cycline , 10 milligrams. 
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Table 2 .  Effect of Amino Acid Supplementat ion of _2Eaque-2 Corn for Finishing Pigs 
Item _2Eaque-::_� 
-------
Number of p igsa 1 6  
Avg .  initial wt. , lb . 125 . 6  
Avg .  f inal wt. , lb . 206 . 8  
Avg .  daily gain , lb . b 1 .  45  
Avg .  daily feed , lb . 6 .  1 3  
Feed/gain , lb . 4 . 22 
Carcass data 
Backf at , in . 1 .  2 7  
Tenth rib fat , in . 1 .  3 1  
Length , in . 30 . 6  
Loin eye are a ,  sq .  in . 4 . 1 7  
Ham and loin , % 40 . 3  
Lean , % 50 . 6  
a Four rep licate groups per treatment . 
b Signif ican t  sex difference (P< . 005 ) 
O:eaque-2 
+ lysine 
1 4  
1 2 7 . 1 
209 . 9 
1 .  48 
6 . 00 
4 . 06 
1 .  24  
1 .  20 
30 . 9  
4 . 1 5  
4 1 .  3 
5 1 .  3 
Opaque-2 
Opague-2 Opaque-2 + lys ine 
+ lys ine + lys ine + isoleucine 
+ isoleucine + threonine + threonine 
1 6  1 6  1 3  
125 . 5 125 . 6 1 2 5 . 3 
2 10. 9 2 1 1 . 4 206 . 9  
1 .  5 3  1 .  5 3  1 .  46  
5 . 74 5 . 97 5 . 85 
3. 76  3. 90 3 . 97 
1 .  20 1 .  24 1 .  23 
1 . 1 3 1 .  1 2  1 . 09 
3 1 . 0 30. 6 30 . 4  
4 . 5 7 5 .  10 4 . 91 
39 . 7  4 1. 6 40 . 9  
53. 8 55 . 0  54 . 5  
Normal 
corn-
SBM 
1 6  
125 . 5 
2 1 6 . 9  
1 . 6 3  
6 . 02 
3 . 69 
1 .  29 -1::-
1 . 30 
30. 6 
4. 92 
40. 9 
52 . 8  
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Effect of Organic Iron in Starter and Grower Diets 
Richard C .  Wahlstrom and George W.  Libal 
The necessity of supp lying supp lemental iron to nurs ing p igs is we ll 
estab lished . Data are less conclusive on the effect  of supplemental iron in 
the diets of p igs consuming dry diets .  Mos t  research has not shown an advantage 
of adding extra iron over that found in natural ingredients . However , some 
swine producers have reported a benefit  from feeding relatively high levels of 
iron to growing pigs . Recent ly some farm trials have shown a benefit  of adding 
an organic iron compound to the ration of early weaned p igs . 
The obj ective o f  this trial was t o  determine the benefit  of adding an 
organic iron ( Swinacol 600)  t o  the diets of early weaned  or growing p ig s . 
Two trials were conducte d .  In trial 1 ,  96 5 - t o  6-week-old crossbred p igs 
weighing an average of 23 lb . were allotted six p igs per pen to four treatment s  
replicated four t imes . The p igs were housed in 8 by 8 foot , concrete f loored 
pens bedded with wood shavings . The comp osition of  the basal diet is shown in 
table 1 .  The source of  organic iron was Swinacol 600 which contained 7 . 5 % iron . 
It was added to  the diet at levels of  0 ,  2 . 5 ,  5 . 0  and 7 . 5  lb . per ton t o  supply 
0 ,  85 , 1 7 0  and 25 5 grams of iron per ton for treatments  1 ,  2 ,  3 and 4 ,  
respe ctively . The trial was conducted for 4 weeks . 
Trial 2 utilized 144 crossbred pigs averaging about 60 lb . in weight . They 
were allot ted  on the basis of ancestry , weight and sex to 12 lots of 12 p igs 
each . Six of the lots  were fed  the basal diets ( t ab le 2) and six lots  received 
the basal diet p lus 5 lb . of Swinacol 600 per t on of d iet.  Three lots of p ig s  
from each treatment were housed in a s latted floor conf inement building and 
the other half of the pigs were housed in open-front , uninsulated wooden 
buildings with outs ide concrete feeding f loors . This t rial was conducted for 
8 weeks . 
Feed and water were provided ad l ibitum in both trials . 
Resul t s  
A summary of  the result s of trial 1 are shown in t able 3 .  There were no 
signif icant differences among treatments .  Rates of gain were . 90 ,  . 9 1 , . 97 
and . 96 lb . per day and feed/gain was 2 . 12, 2 . 07,  2 . 08 and 2 . 1 0  for pigs fed 
0 ,  2 . 5 ,  5 . 0  and 7 . 5  lb . per t on of organic iron , respectively . The data 
sugges t  that the basal diet contained adequate iron for the young weaned p ig .  
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The data for the growing p ig trial ( trial 2) are shown in table 4 .  Pigs 
fed the organic iron , at a leve l of  1 70 grams per t on ,  gained 1 . 69 lb . per day 
and those pigs without supplemental iron gained 1 . 64 lb . per day . Feed 
effic iency was similar between the two treatment group s . Slight ly more feed 
was consumed daily by p igs fed the diet containing supp lemental iron (5 . 3  vs 
5 . 2  lb . per day) . Both groups of p igs performed s atisfac torily in all respect s .  
No s cours or o ther disease prob lems were observed . As in t rial 1 with young 
weaned  p igs , this trial with growing p igs sugges t s  that the basal die t  was not 
improved by the addit ion of supp lemental organic iron . 
Nine ty-six young weaned p ig s  averaging about 23 lb . and 1 44 growing p igs 
averaging 61 lb . were used to  s tudy the effect  of supp lemental organic iron on 
pig performance . 
There were no s ignif icant effects  on rate of gain , feed consumpt ion or 
feed/gain with the addit ion of 85, 170 or 255 grams of organic iron per ton in 
s t arter diets or 1 7 0  grams per ton in grower die t s . 
23 
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Table 1 .  Comp os ition o f  Basal Diet - Trial 1 
Ground yellow corn 
Soybean meal , 4 8 %  
Dicalcium phosphate 
Limes t one 
Trace mineralized salt 
Premixa 
Percent 
73. 1 
24 . 2 
1 . 4 
. 8  
• 4 
. 1 
a Supplied per lb. of diet : vitamin A ,  
2000 IU; vitamin D ,  2 00 IU; vitamin E ,  3 mg ; 
vit amin K ,  1 . 2 mg ; ribof lavin , 1 . 5 mg ; 
p antothenic acid , 6 mg ; niacin , 9. 6 mg ; 
choline , 60 mg ; vitamin B l 2 • 6 mcg ; aureo­
mycin , 50  mg ; p enicillin , 25 mg and sulf a­
methaz ine , 50  milligrams. 
Tab le 2.  Composition of  Basal Diets  - Trial 2 (Percen t )  
1 6 %  p rotein 
to 1 1 0 lb. 
1 4% protein 
1 1 0.:...1 5 5  lb. 
·�����-���-
Ground ye llow corn 
Soybean meal , 44% 
Dicalcium phosphate 
Ground limes t one 
76. 5 
20. 7 
82. 2 
15. 0 
Trace mineralized salt 
Premixa 
1 .  2 
. 9 
. 5  
• 2 
1 .  2 
. 9 
. 5  
. 2  
a Supplied per lb. of diet : vitamin A ,  1 500 IU; 
vitamin D ,  150  IU;  vitamin E ,  2. 5 IU; vitamin K ,  1 mg ; 
ribof lavin , 1 . 25 mg ; p antothenic acid , 5 mg ; niacin , 8 
mg ; choline, 50 mg ; vitamin B 1 2 , 5 mcg and aureomycin , 
10  mi lligrams. 
24  
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Table 3 .  Effect of Organic Iron in Pig Starter Diets  
Number  of  p igsa 
Avg. init ial wt. , lb. 
Avg. final wt. , lb. 
Avg. daily gain , lb. 
Avg. daily feed cons. , lb. 
Fee d /gain 
Level 
0 
24  
2 3 . l  
4 8 . 2  
. 90 
1 .  90 
2 . 1 2  
o f  organic iron, grams / t on 
85 1 7 0  
2 4b 24c 
23 . 2  2 3 . 6  
4 8 . 6  50 . 8  
. 9 1 . 9 7 
1 .  87  2 . 03 
2 . 07 2 . 08 
a Four rep licates of  s ix p ig s  per treatment.  
b One p ig removed , rep licate 4, growth failure , data omit ted. 
c One pig removed, replicate 3 ,  two p ig s  removed ,  rep licate 4, growth 
failure , data omit te d. 
Table 4 .  Ef fect of Organic Iron in Diets of Growing Pigs 
Number of  p igsa 
Avg. initial  wt. , lb. 
Avg. f inal wt. , lb. 
Avg. daily gain, lb. 
Avg. daily feed cons. , lb. 
Feed/gain 
Iron 
1 7 0  grams 
·�_C_o_n_tr _o_l.������p_e_r t on 
7 2  
6 1 .  4 
1 5 3 . 4  
1 .  66  
5 . 22 
3 . 1 4  
7 2  
6 1 .  4 
1 56 . 2  
1 .  6 9  
5 . 34 
3.1 5 
a Six lots  of  1 2  each per t reatment. 
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Ef fect of Hous ing Type, Feeder Space and Pen Space on 
Performance of Growing-Finishing Pigs 
Richard C. Wahlstrom and George W. Libal 
During the past  several years there has been a trend t oward more confinement 
type hous ing. Mos t  of these houses have partial or comp letely s latted floor s .  
Recommendations for feeder space are generally listed a s  one self-feeder hole for 
every three to  four growing-f inishing p ig s  and space per p ig in s latted f loor 
houses is sugges ted to  be 5 ,  6 and 8 square feet f or p ig s  from 60 to 100 , 1 00 
to 150 and 150  lb. to  market weigh t, respectively. Research conducted at  
South Dakota and reported at the 1975  and 1976  Swine Field Days has shown that 
p ig s  housed in a total confinement building did not gain as well as p ig s  housed in 
open-front bui ldings with access to  an out side concrete  feeding f loor. The 
difference in performance was found t o  occur mainly during the finishing 
period. 
The experiment reported herein was conducted to  obtain more information on 
the performance of p igs housed in dif ferent types of buildings and the ef fect 
of p ig density per feeder hole. 
This experiment was conducted during the winter , mid-November to mid-February , 
with 144 crossbred p igs averaging approximately 6 1  pounds.  They were allotted 
on the bas is of ance stry, sex and weight to  four rep l icat ions of three treatments 
with each lot  containing 12  p igs . The three treatments varied in the number of 
feeder spaces availab le as follows : ( 1 )  three p ig s  per feeding space , ( 2 )  four 
p igs per feeding space and ( 3 )  s ix p ig s  per feeding space. Wooden Smidley 
feeders were used. Two rep l icat ions were housed in uninsulated wooden houses 
(8 x 14  feet ) with concrete f loors that were bedded with straw. The p igs had 
access to  an outs ide concrete area ( 1 2  x 14 feet )  where feeders and waterers 
were located . The other two replicates were housed in a comp letely enclosed 
conf inement building with fully s latted f loor s .  Pens were 7 . 5 x 9 f e e t  including 
the area where self-feeders were located. This phase of the experiment was 
conducted for 8 weeks. 
Af ter the init ial 8-week period , p ig s  in each of the s ix out side pens were 
divided into two group s with one group of s ix p ig s  remaining in the outs ide 
pens and the other group of s ix p igs was moved to the conf inement hous e .  Average 
weight at this t ime was approximately 156 pounds. These p ig s  were fed for an 
addit ional 2 8  days . 
Pig s  in the ins ide s ix pens during the init ial 8-week period were adjusted 
so that there were two pens each of 8, 10  and 1 2  p ig s  per pen to s tudy space 
needs during the f inishing phase. Space per p ig for the three group s was 
approximately 8. 0 ,  6 .4 and 5. 3 square feet.  Average ini t ial weight was 1 5 8  lb. 
and this phase of the experiment was condu cted for 27 days. 
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A 1 6 %  protein corn-soybean meal diet was fed t o  a weight of approximately 
1 1 0 lb. when the diet was changed t o  1 4% p rotein. The composit ion of the diets 
is shown in t able 1.  
Results  
The e ffect  of feeder space on rate  of gain, feed  consumption and feed 
efficiency is shown in tab le 2. Performance did not dif fer when three, four or 
six p ig s  were allot ted for each availab le feeder space. Six p igs per availab le 
feeder hole is higher than generally recommended. However, it is pos sib le that 
the total number of p igs per pen could also affect the number of p igs per feeder 
hole. In this experiment only 12 p ig s  were in each pen. The ef fect of total 
feeder space was s imilar when the p igs were housed in a conf inement house with 
approximately 5. 3 square feet per p ig or in an open-front house with outs ide 
concrete feeding area which allowed approximately 9. 3 square feet of inside area 
and 1 3  square feet of out s ide  area. 
Pig s  housed in the confinement building gained about 3% s lower ( 1 . 64 vs 
1 . 69  lb. per day )  but required 6%  le s s  feed/gain ( 3. 08 vs 3. 2 6 )  than p igs housed 
in the open-front, uninsulated buildings ( t able 3 ) .  The
-
p ig s  in open-front 
buildings with feeders located outs ide consumed about 1 0 %  more feed daily. 
This trial was conducted for 8 weeks with p ig s  averaging approximately 6 1  lb . 
init ially and 1 5 5  lb. at the end of the period. Temperatures were quite  s evere 
during mos t  of this period. Maximum and minimum out s ide daily temperatures 
averaged 24 and oo F, respectively, with a temperature range from +5 6 t o  -30° F. 
The effects  of  type  of hous ing on the performance of f inishing p ig s ,  155 to 
2 15 lb. , are shown in table 4.  During this 4-week period, p igs fed in the 
s latted f loor conf inement house gained 8% faster and required 1 1 % less  feed/gain 
than p ig s  housed in open-front buildings and fed in outdoor lots .  The reduced 
f eed /gain was due to  the cold temperature which occurred during this period. 
Average daily maximum and minimum temperatures during this period (January 1 1  to 
February 8, 1 97 7 )  were 16 and -70 F, respectively. These p igs had been housed 
in open-front buildings t o  155 p ounds. 
Pigs that had been housed in the conf inement building for the previous 
8-week period gained much s lower during the final 4-week f inishing period 
( t able 5 ) .  Slower gains of p ig s  in conf inement during the finishing period had 
also been noted in our previous experiments.  The results reported herein would 
indicate that p ig s  may become "fatigued"  in s latted f loor conf inement units .  
The reasons for  this are not  clear, although they may be associated with boredom 
and a closely confined area. 
Tab le 5 also reports the results of differing space allotments for f inishing 
p ig s  on s latted  floors in a total conf inement building. Reducing the area per 
p ig from 8 to  6 . 4 square feet did not affect p erformance. However, a further 
reduct ion to 5 . 3 square feet per p ig resulted in s lightly s lower gains and 
reduced feed consump t ion. It should be noted that the reduced area was 
accomp lished by increas ing the number of p ig s  per pen so it is not possible t o  
determine i f  the e f f e c t  on p ig performance was due t o  space needs p e r  se,  p ig 
density or a combination of both factors.  
2 7  
' ' ] I 
- 3 -
Summary 
A winter trial was conducted with 1 4 4  crossbred  growing-f inishing p igs t o  
study various management factors. 
There were no dif ferences in performance of growing p ig s  that were allowed 
one feeder hole space for every three, four or s ix p igs.  Pig s  housed in  a 
comp let e ly confined, s lat ted f loor house gained 3%  slower but required 6 %  less 
feed /gain than p ig s  housed in open-front buildings with out side feeding f loors 
during the period from 5 8  t o  1 5 7  p ounds.  During a subsequent 4-week f inishing 
p eriod, p igs that had been housed outs ide p revious ly gained faster and more 
efficient ly when in confinement buildings than when continued in the open-front 
buildings.  Both groups perf ormed cons iderab ly bet ter than p ig s  cont inued in 
the conf inement building during the finishing period. Finishing p ig s  fed in 
confinement consumed less feed and gained less if allowed 5 . 3  square feet per 
p ig comp ared t o  p ig s  having a pen area of 6. 4 or 8 . 0  s quare feet per p ig.  
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Tab le 1 .  Composition of Die t s  (Percen t )  
Ground yellow corn 
Soybean meal, 44% 
Dicalcium phosphate 
Ground limestone 
Trace mineral salta 
Vit amin-antibiotic mixb 
a Contained 1 %  z in c .  
1 6 %  protein 
to 1 10 lb . 
76 . 5 
20. 7 
1 .  2 
. 9  
. 5  
. 2  
1 4 %  protein 
1 10-2 10 lb . 
82. 2 
15 . 0 
1 .  2 
. 9 
. 5  
. 2 
b Supplied per lb . of diet : vitamin A, 1 500 IU ; 
vitamin D, 150  IU ; vitamin E, 2 . 5 IU ; vitamin K, 1 mg ; 
riboflavin, 1 . 25  mg ; p antothenic acid, 5 mg ; niacin, 
8 mg ; choline, 50 mg ; vitamin B 1 2 , 5 mcg and aureomycin, 
10 milligrams . 
Table 2 .  Ef fect  o f  Feeder Sp ace on Pig Performance 
Number of p ig sa 
Avg . ini t ial wt . ,  lb . 
Avg .  f inal wt . ,  lb . 
Avg .  daily gain, lb . 
Avg . daily feed cons . ,  lb . 
Feed/gain 
3 
4 8  
6 1 . 5  
1 52 . 9 
1 .  6 3  
5. 2 4  
3 . 2 1 
a Four lot s  of 1 2  p ig s  each per treatment . 
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Pigs per f eeder SE ace 
4 
48 
6 1 .  4 
1 55 . 9 
1 .  6 9  
5. 3 2  
3 . 1 6  
i'i 
6 
48 
6 1 . 4 
1 55 . 6 
1 . 68 
5 . 2 8  
3. 1 4  
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Table 3 .  Effect  of Hous ing on  Performance 
of Growing Pig s  (8 Weeks ) 
Number of p ig sa 
Avg. init ial wt. , lb. 
Avg. f inal wt. , lb. 
Avg. daily gain, lb. 
Avg. daily feed cons. , lb. 
Feed/gain 
Type of housing 
Comp lete Open-
confinement front 
7 2  
64. 0 
1 5 6 . 5 
1 . 6 4  
5 . 05 
3. 08 
72  
58. 8 
1 5 3. 6 
1 .  69  
5. 5 1  
3 . 2 6  
a Six l o t s  of 1 2  p ig s  each p e r  treatment.  
Table 4 .  Ef fect  of Housing on Performance 
of Finishing Pig s (4  Weeks ) 
Number of p igsa 
Avg. initial wt. , lb. 
Avg. f inal wt. , lb. 
Avg. daily gain, lb. 
Avg. daily feed cons. , lb. 
Feed /gain 
Type of housing 
Open-
Conf inemen t front 
3 3  
1 5 6 . 1 
2 1 5 . 4 
2. 1 1  
7 . 74  
3 . 6 7  
3 4  
1 55 . 4 
2 10. 0 
1 .  95  
7 . 9 2  
4 . 08 
a S ix lots  of f ive or s ix p igs each per  treatment.  
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Tab le 5 .  Ef fect  of Pen Space Per Pig on Growth 
and Feed Ef f i ciency 
Area per J:>ig, sx__ f t .  
8 6. 4 
Number of p ig sa 1 6  20 
Avg .  initial  wt. , lb. 1 60. 0 1 5 7 . 2 
Avg. f inal wt. , lb. 200. 8 1 99 . 6 
Avg. daily gain, lb. 1 .  5 1  1 .  5 7  
Avg. daily feed cons. , lb. 6. 6 8  7 . 00 
Fee d /g ain 4. 43  4. 48 
a Two lots  of 8, 1 0  or 1 2  p ig s  per treatment. 
3 1  
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1 5 8. 4 
1 9 7 . 6 
1 .  45 
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Compensat ory Growth in Swine 
Richard C .  Wahlstrom and George W .  Libal 
A . S .  Series 77-35  
It  is well  known that young growing p ig s  have a higher dietary protein 
need than older f inishing p igs . Previous resear ch at  this s t at ion, reported in 
A . S .  Series  76-35,  showed that p ig s  fed low-protein diets  during e arly growth 
had reduced growth rate and increased feed/gain . Feeding an adequate protein 
diet af ter the def icien t  diet resulted in a t rend for performance above that of 
p ig s  fed adequate diets during both period s . The s tudy reported herein was 
des igned to fur ther s tudy the ef fect  of a short period of p rotein insufficien cy 
on gain and feed /gain during subsequent growth period s . 
Experimental Procedure 
One hundred e ight p ig s  with an init ial weight of approximat e ly 60 lb . were 
allotted on the basis of ances try, weight and sex to 18 lots  of s ix p ig s  each . 
Three rep licate lots were assigned t o  each of s ix treatment s .  The p ig s  were 
housed in an enclosed confinement building with s latted f loors . 
The dietary t reatments varied in protein content during various periods as 
follows : 
Treatment Fir s t  4 Weeks 4 to  8 Weeks 8 Weeks t o  2 2 0  Lb . 
------ --------
1 1 2  1 4  1 4  
2 1 4  1 4  1 4  
3 1 6  1 4  1 4  
4 1 2  1 4  1 2  
5 1 4  1 4  1 2  
6 1 6  1 4  1 2  
During the f irst  4 weeks, the 1 6 %  protein diet was cons idered adequate, the 
1 4 %  protein diet s light ly def i cient and the 1 2 %  protein diet deficien t . The 1 4 %  
protein d i e t  during the second 4-week period was expected to  be adequate and 
in the third period 12 and 1 4% protein diets  were compared . Comp osition of the 
three diets is shown in t able 1 .  
Results 
Table 2 summarize s  the results of  average daily gain by per iods and on 
an ac cumulative basis . There was a s ignif icant difference in daily gains during 
the first  4-week period, with gains increasing as dietary protein increased . 
Daily gain averaged  1 . 43 ,  1 . 6 1 and 1 . 7 6 lb . for p ig s  fed diets of 1 2 ,  1 4  and 1 6 %  
protein, respec t ively . Although there were n o  s ignif icant differences in 
average daily gain among treatments during the second 4 weeks or the f inishing 
p eriod f rom 8 weeks to  220  lb . ,  gains during these  periods were inversely related 
to  level of protein fed the first 4 weeks . 
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Accumulative gain indicated little  dif ference among treatments at market 
weight as p ig s  fed 1 2 ,  14 or 16% protein diets the first  4-week period had 
daily gains of 1 . 76,  1 . 75 and 1 . 80 lb . ,  respectively, f or the entire experiment . 
These data indicate compensatory growth occurred both during the second 
4-week period when all p ig s  were fed  a 14% protein diet and in the third 
period, 8 weeks t o  2 20 lb . ,  when 1 2  and 1 4 %  protein diets were fed .  
Feed/gain data are shown in t able 3 .  Signif icantly more feed was required 
with each decrease in ration protein content during the f ir s t  4-week p eriod . 
Pig s fed  1 6 %  protein required only 2 . 65 lb . of feed/gain compared t o  2 . 95 and 
3 . 2 4 lb . for p igs fed  14 or 1 2 %  protein diets,  respectively . However, the 
pigs fed 1 2 %  p rotein die t s  the f ir s t  4-week period subsequently showed 
compensatory performance in that they required less feed /gain during the 
following two period s . Theref ore, total feed /gain for the experiment did not 
dif f er s ignif icant ly among t reatments and was 3 . 36,  3 . 47 and 3 . 3 1 lb . for p ig s  
init ially f e d  1 2 ,  1 4  or 1 6 %  protein diets,  respectively . 
A difference in performance was noted in the 8-week to 220- lb .  period in 
that p ig s  fed 1 2-14  or 1 4 - 1 4 %  protein diets in the first  two periods required  
less  feed/gain during the last  p eriod when fed 1 4 %  protein diets as compared 
to  1 2 %  protein . The last feeding period, 8 weeks to 220 lb . ,  averaged 32  to 40 
days for the s ix dif ferent treatments with indiv idual lots  ranging f rom 2 8  to  
45  day s . 
Summary 
One hundred e ight p ig s  were used in a s tudy of compensatory performance 
following a period of protein insufficiency during early growth . The experiment 
was divided into three nearly equal periods of 4 weeks , 4 weeks and 8 weeks t o  
2 2 0  lb . which averaged approximately 5 weeks . During the f ir s t  4-week period, 
p ig s  gained f aster  and required less feed /gain as dietary protein increased 
f rom 12  to  14 to  16 percent . The p ig s  fed the 1 2 %  protein d iet init ially showed 
compensatory performance in both growth and feed efficiency during the following 
two periods . Theref ore, at market we ight there was litt le difference in 
p erformance of p igs f e d  diets varying in protein sequence . 
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Tab le 1 .  Composition of  Experimental Diet s  (Percent ) 
Protein levels 
Ingredient 1 2 %  1 4 %  1 6 %  
Ground yellow corn 87 . 8  82. 2 76. 5 
Soybean meal , 44% 9 . 3 15 . 0 20. 7 
Calcium phosphate 1. 3 1 .  2 1 .  2 
Limes t one . 9 . 9  . 9  
Trace mineralized salt . 5 . 5  . 5  
Premix a . 2 . 2  . 2  
a Supplied per lb. of diet : vitamin A ,  1500 IU; 
vitamin D ,  1 5 0  IU; vitamin E ,  2. 5 IU ; vit amin D ,  1 mg ; 
r ibof lavin , 1 . 25  mg ; pantothenic acid , 5 mg ; niacin , 8 mg ; 
choline , 25  mg ; vitamin B l 2• 5 mcg and aureomycin , 10 
milligrams . 
Tab le 2 .  Average Daily Gains b y  Periods and Accumulative 
1 , 4  
1 2  
1 4  
2 , 5  
1 4  
1 4  
3 , 6  
1 6  
1 4  
Treatments 
1 2 
Protein , % 
1 2  1 4  
1 4  1 4  
3 4 5 
8 wk. -220  lb. 1 4  1 4  
1 6  
1 4  
1 4  
1 2  
14  
1 2  
1 4  
1 4  
1 2  
0- 4  wk. a 
5-8  wk. 
8 wk. -220  lb. 
0- 4 wk. 
0-8  wk. 
Ini t. -220 lb. 
1 .  43 
1 .  90 
1 .  9 1  
1 .  43 
l. 66 
1. 76 
Avg. Daily Gain by Period , Lb. 
1 .  6 1  
1 .  88 
1 .  84 
1.  76 
1 .  83 
1. 7 9  
1 .  3 8  
1 . 88 
1.  9 1  
1 .  6 7  
1 .  89 
1. 9 1  
1 .  69  
1 .  8 1  
1 .  7 6  
Avg. Daily Gain Accumulative , Lb. 
1 .  6 1  
1 .  7 4  
1 .  75  
1.  76  
1 . 80 
l .  80 
1. 38 
l. 6 3  
1 .  74  
l. 67  
l.  7 7  
l. 7 9  
1 .  6 9  
1 .  7 5  
1 .  7 6  
a Signif icant difference (P< . 005 ) .  
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1 .  49 
1 .  9 1  
1 .  9 1  
1.  49  
1 .  70  
1 .  7 8  
1 .  55  
1 .  86  
1 .  7 7  
1 .  55  
1 .  7 1  
1 .  7 1  
6 
1 6  
1 4  
1 2  
1 .  8 4  
l. 85 
1. 82 
1. 84 
l .  85 
l.  84 
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Table 3 .  Feed/Gain by  Periods and Accumulative 
--- - -��--·---
Treatments 
1 , 4 2 , 5 3 , 6 1 2 3 4 5 6 
Protein , % 
0-4  wk. 1 2  1 4  1 6  1 2  1 4  1 6  1 2  14  1 6  
5 - 8  wk. 1 4  1 4  1 4  1 4  1 4  14  14  1 4  1 4  
8 wk. -220  lb. 1 4  14  1 4  1 2  1 2  1 2  
Feedjgain bJ".. Periods 
0-4  wk. a 3. 2 4  2. 95  2 . 65 3. 29  2 . 88 2 . 66 3. 18  3 . 03 2 . 63  
5-8 wk. 3. 09 3. 3 4  3. 26  3. 10  3 . 20  3. 2 3  3. 08 3. 48  3 . 30 
8 wk. -220  lb. b 3 . 6 3  3. 95 3 . 92  3. 4 1  3. 5 2  3. 93  3. 86 4. 38 3. 9 1  
Feed /gain , Accumulative 
0-4 wk. 3. 2 4  2 . 95  2 . 65 3. 29  2. 88 2. 66 3. 1 8  3. 0 3  2. 6 3  
0 - 8  wk. 3 .  15  3 . 1 5  2 .  9 6  3 .  1 8  3. 05 2. 9 6  3 . 1 2  3. 26  2 .  96 
Init . -220  lb. 3. 36  3. 4 7  3. 3 1  3. 2 9  3. 22  3. 32  3. 44 3. 7 3  3. 30 
a Signif icant difference , 1 , 4 �� 2 , 3 , 5 , 6 and 2 , 5 vs  3 , 6 (P< . 005 ) . b Signif icant difference , 1 vs 4 and 2 vs 5 (P<. 05) . 
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Dehydrated Alfalfa in Sow and Gilt Gestation Die ts 
George W. Libal and Richard C .  Wahlstrom 
Swine producers have used alfalfa as a feed constituent in swine gestation 
diets for years. Theoretically , i f  sows would eat enough , alfalfa could be a 
nearly comp lete feed with only vitamins , trace minerals and phosphorus supp le­
mented. Bulky ground alfalfa is a relatively unpalatab le feed for swine and 
dehydrated alfalfa ini t ially is rej ected as the sole feed source. However , 
several research s t at ions have shown that sows wil l ,  with t ime , adj u s t  to  
desirable levels o f  consumption of  dehydrated alfalfa when fed as the only feed 
supplied or when fed with small quantities of  grain init ially. The s tudy 
reported herein was designed t o  evaluate pelleted dehydrated alfalfa as the maj or 
f eed source for sows and gilts  when fed f ree-choice with a mineral-vitamin 
supplement during the last two-thirds o f  ges tation. 
All s ows and gilts  were allot ted at t ime of breeding on the bas is  of parity , 
weight and ancestry. All s ows and gilts received 4 . 4  lb. o f  the control die t 
( t able 1 )  for the firs t 2 8  days o f  gestation .  Sows and gilts assigned to  the 
treatment group were indiv idually removed from the control diet and p laced on 
self-feeders which cont ained pelle ted dehydrated alfalfa meal after 2 8  days.  
They also had access t o  a free-choice , mineral-vitamin supp lement ( t able 2 ) .  
The control group continued t o  receive the control diet through the 1 0 9 th day of  
ges t a tion. On the 109th day of  gestat ion , sows f rom both groups were brought 
int o  the f arrowing barn and re ceived 4 . 4  lb. of the control ges tation die t s  
unt i l  farrowing. A t  that t ime both groups were allowed a d  libiturn consumpt ion 
of  a s t andard lactation feed for 2 8  days. 
The s ows and gilts were housed in colony sow ges tation houses with concrete 
outside pens. The alfalfa diets were supp lied in round 80-bushel s teel feeders 
and the control group was fed in individual feeding s t alls in which the sows 
were locked during feeding. The sows farrowed in f arrowing crates or f arrowing 
pens . Informat ion was recorded for s ows and litters through 2 8  days of lactat ion. 
Results 
A summary o f  sow weight changes is shown in t able 3 .  The means are shown 
for the 19  gilts and 1 7  sows that weaned lit ters . During the first  2 8  days o f  
ges t ation , when a l l  sows and g i l t s  received 4 . 4  lb. o f  feed , gains were approxi­
mately the same . During the test  period , from 2 8  days t o  109  days o f  ges tation ,  
gains were low ( 3  and 7 lb . )  for  gilts  and s ows consuming dehydrated alfalfa 
pellets  ad l_gi iSI_E_l· Gilts and sows receiving 4 . 4  lb . daily of the control 
ration gained at a more normal rate , 80 and 66  lb . ,  respectively. Feed consump­
tion during this period was 4 . 4 lb . of the control diet for the control sows and 
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4 . 1 lb. and 6. 4 lb. f or gilts  and sows , respec t ively , receiving the dehydrated 
alfalfa. Net gains from breeding unt i l  after 28 days lactat ion were 89 lb. for 
both gilts and sows on the control diet and 4 7  lb. and 2 1  lb. for gilts and 
sows , respectively , receiving the alfalfa diets.  
The f arrowing results  are  shown in table 4 .  Numbers are  small and thus may 
not reflect  the t rue picture in evaluat ing dehydrated alfalfa in the diet.  
Different results  were recorde d  between sows and gilts.  With gilts , more live 
p ig s , s t illbirths and pigs at 2 8  days were obt ained from those receiving the 
control diet.  However , the opposite was f ound with sows. Between gilt s , l i t ter 
weight s at birth and weaning f avored the control gilts and average p ig weight 
f avored the alfalfa group at 28 days. Be tween s ows , lit ter weight f avored the 
alfalfa group and average p ig weight f avored the control group at b oth b irth and 
at 2 8  days. 
Summary 
Nine teen gilts  and 1 7  s ows were utilized in a trial to evaluate dehydrated 
alfalfa as the maj or feed s ource f rom 28 days t o  109  days o f  gest at i on. Weight 
gains were low for sows and gilts  consuming 6 . 4 and 4 . 1 lb. of dehydrated 
alfalfa daily , respectively. Farrowing results  varied between sows and gilts , 
f avoring the control diet for gilts and the alfalfa diet for sows. However , the 
number  of  s ows and gilts was small and may not reflect the t rue evaluat ion of 
this feed ingredient . 
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Table 1 .  Comp o s i t ion of  the Control Diet 
Ground yellow corn 
Soybean meal , 44% 
Ground l imest one 
Dicalcium phosphate 
Iodized salt 
Trace mineral mix 
Vitamin mix 
Percent 
of diet  
80. 5 
1 6 . 0  
. 85 
2 . 0  
. 5 
. 075  
. 075  
Table 2 .  Comp o s i t ion of  Free-Choice 
Mineral Supp lement 
Percent 
of  
��-I_n�g�r. edie_n_t�����������s�u�lement 
Monosodiurn phosphate 9 2 . 6 
Vit amin mix 3. 7 
Trace mine ral mix 3 . 7 
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Tab le 3 .  Sow Weights and Weight Gains 
Gilts 
Alf alf a Control 
Number of  s ows weaning 10  9 
a litter  
Breeding weight , lb . 2 80 2 9 6  
2 8-day weight , lb . 307  3 1 6  
2 8-day pretest  gain , lb . 2 7  20 
1 0 9-day weight , lb . 3 10 396  
8 1-day test  gain , lb . 3 80 
109-day gain , lb . 30 100 
2 8- day lactat ion weight , lb . 3 2 7  3 85 
Net gain , lb . 47  89  
Daily feed  consumpt ion , 2 8  4 .  1 4 . 4  
day s  through 1 0 9  days , lb . 
·- --------· 
Table 4 .  Farrowing Resul t s  
Gilts 
Alfalf a Control 
-------
Number of  p igs born alive 9 . 4  1 0 . 1 
Number s t i l lbirths . 3 1 .  0 
Avg . litter birth we ight , lb . 2 4 . 7  2 8 . 3 
Avg .  p ig birth weight , lb . 2 . 6  2 . 8  
Number of p igs , 2 8  day s  6 . 8  8 . 3  
Avg .  lit ter weight , 2 8  days , lb . 90 . 9  103 . 8  
Avg . p ig weight , 2 8  days , lb . 1 3 . 4  1 2 . 5  
---·-- ---------
3 9  
Alfalfa 
1 1  
456  
4 8 1  
25 
48 8  
7 
32  
4 7 7  
2 1  
6 . 4  
Sows 
Sows 
Control 
6 
4 7 3  
490  
17  
556  
66 
83 
560 
89 
4 . 4  
Alf alf a Control 
1 1 .  4 9 . 2  
1 .  5 . 5  
3 1 .  1 2 9 . 6  
2 . 7 3 . 2  
6 . 6  5 . 2  
90 . 1  83 . 0  
1 3 . 6  1 6 .  1 
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Bone Development of Pigs As Af fected b y  Calcium and 
Phosphorus Levels  and Floor Types  
George W.  Libal , Richard C. Wahls t rom , Steven 1 .  Robb ins and James 1 .  Girard  
The relat ionship between mineral levels in  the die t s  of growing-f inishing 
swine and the type of confinement sys tem in which they are raised is  not fully 
unders tood. In a previous repor t ( A . S.  Series 75-5 2 ) , we reported the 
performance data of an experiment designed to  provide more informat ion in this 
are a .  Rep or ted herein is  the information on bone s trength and bone development 
as related t o  f loor type and calcium and phosphorus levels in the diet . 
Experj_Elental Procedure 
Of the 2 80 p igs used in 
were extracted for analysis . 
in calcium and phosphorus as 
two trials , one-half were b arrows from which b ones 
The pigs had been s e lf-fed a basal diet that var ied 
follows : 
Treatment 1 - . 40% calcium , . 40 %  phosphorus 
Treatment 2 - . 60% calcium , . 40% phosphorus 
Treatment 3 - . 80% calcium , . 40% phosphorus 
Treatment 4 - . 65 %  calcium ,  . 55 %  phosphorus 
These treatments formed calcium-phosphorus ratios of 1 : 1 , 1 . 5 : 1  and 2 : 1 for the 
f ir s t  three treatments , respectively , and the Nat ional Research Council ' s  (N . R . C. )  
recommended levels and rat io ( 1 . 2 : 1 ) for treatment 4. 
Each mineral treatment was repre sented across each of the five f loor types . 
These f loor types and the pen s izes  were as follows : 
Pen Size  Slat Width Floor Material 
--- --- ---
1 .  7 . 5 x 9 f t .  8 in . concrete 
2.  7 . 5 x 9 f t . 5 in .  concret e  
3 .  7 . 5  x 9 f t .  3. 5 in. aluminum 
4 .  8 x 1 2  f t . house wood 
2 9  x 5 2  f t .  out s ide pen dirt 
5.  8 x 1 2  f t .  house concret e  
1 2  x 1 6  f t .  out s ide pen concrete 
When the p igs reached approximately 2 10 lb . ,  the barrows were removed from tes t , 
slaughtered at John Morrell and Company , Sioux Falls , and the front legs 
extracted and brough t  back to Brookings f or analysis . 
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The inside and outs ide metatarsals were b oned out , p laced in hot water t o  
denature the remaining t i s sue , s cr aped and the f a t  extracted f rom t h e  b one 
marrow .  
Bone circumference , d iameter and length were recorded on the 5 6 0  b ones . 
Dry weigh t , fat-free weigh t , percent ash , density and bone breaking s tress  
were determined on the bones . Bone bending s tress and shear s tress were 
determined by mechanically apply ing force to the mid dle of  the bone while in a 
hori zontal position and compre s s ive s tres s  was obtained by applying force t o  the 
end of  the b one while in a ver tical position .  
Formulas for determining the s tress  values when breaking the bones were as 
follows : 
Bending s tress  8 
'TT 
Vert ical shear s tress 
Comp re s s ive s tress 4 
'TT 
load x len�th 
diameter 
load x 
d iameter2 
Results 
The result s  of  the ef fects  on b one development of varying calcium and 
phosphorus levels in the diet  are shown in t ab le 1 .  Circumference of  b one was 
greater from p igs receiv ing the N . R . C . recommended levels of calcium and 
phosphorus than those receiving the 1 . 5 : 1  rat i o .  Pig s  receiving the 1 : 1  ratio 
had greater b one diame ter  than those receiving 1 . 5 : 1  or 2 : 1  ratios . Bone 
length was greater f or both the 1 : 1  ratio and N . R . C .  levels than either the 
1 . 5 : 1  or 2 : 1  ratio-fed  p ig s . Mos t  def initely , the ratio of calcium and 
phosphorus did affect  bone dimens ion . 
Bone weights f o llowed the same pat tern as did b one length . For b one ash , 
the N . R . C . recommended levels and 1 . 5 : 1  rat io diet s produced p ig s  with more 
b one ash than did the diets which were 1 : 1  or 2 : 1  in calcium and phosphorus . 
No dif f erence in density o f  b one was f ound due to  calcium and phosphorus leve l .  
Bending s tress and shear s tres s  were greater 
received the 1 . 5 : 1  or N . R . C .  level of calcium and 
group receiv ing minerals in the 1 : 1  or 2 : 1  rat io .  
st ress were f ound . 
f or bones from pigs which had 
phosphorus as compared to the 
No dif ferences in compre s s ive 
The results of the effect  on b one development of dif ferent f loor types is 
shown in t able 2 .  For circumference , diameter and length of metacarpals , p ig s  
grown on aluminum s lats  had lesser bone development . Pigs raised on aluminum 
slats had s ignif ican t ly les s  bone circumference than those on concrete or narrow 
concrete slats , les s  b one diame ter than p ig s  raised on dirt or concret e  and les s  
b one length than p ig s  raised on any other floor type . 
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Bone weight was less for pigs on aluminum s lats and greater for pigs on 
concrete s lats  than for p ig s  on all other f loor types . Pigs produced on wide 
s lats , dirt lot and concrete lot had bones of higher percent ash than those 
produced on the narrow concrete s lats or aluminum s lat s .  Bones from pigs on all 
other f loor types were more dense than those from pigs on aluminum s lat s .  Als o , 
pigs produced in concrete and dirt lots had bones denser than those from pigs 
in the concrete s lat lot s .  
For both bending s tress and shear s tress , higher values were obtained 
from bones of  pigs fed in dirt or concrete lot s .  No dif ferences in 
compress ive s t ress  were f ound . 
Two trials involving 2 80 pigs were conducted to  evaluate the effect  of  
calcium and phosphorus levels and the e f fect of  dif ferent f loor types on bone 
developmen t . In general , b one size , weight and percent ash f avored the 1 : 1  
ratio or the N . R . C .  recommended ratio o f  1 . 2 : 1  over the 1 . 5 : 1  or 2 : 1  ratio 
of  calcium and phosphorus . Breaking s trength favored the 2 : 1  rat io or N . R . C .  
recommended levels . 
Floor types affected these  parameters with the leas t desirab le bone 
development from pigs on aluminum s lats  and the mos t  development from pigs on 
outside concret e  or dirt lots . No interaction between calcium and phosphorus 
and f loor types was observed . 
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Table 1 .  Dif ferences in Bone Criteria Due t o  Mineral Diet 
------- - ------------- -- -- - - -- -- -
Calcium , % 
Phosphorus , % 
Cir cumference , cm* 
Diameter , cm"� 
Length , cm** 
Dry weight ,  g*''� 
Fat-free weigh t , g** 
Percent ash'�*  
Density 
Bending s t re s s , g / crn2 **  
Shear s t re s s , g / crn2 **  
Compress ive s t rength , g / crn2 
. 40 . 60  . 80  . 65-. 60  
. 40 . 40 . 40 . 55-. 50 
�------- -- --·---- - ----
----� --
- ---
---
Bone Measurement s 
--- -- --�-----
4. 82 4. 7 7a 
l. 5oab l. 48a 
6. 5oab 6 . 3 8ac 
1 5 . 65ac 1 5 .  1 6cd 
1 1 . 6 3a ll. 3 7b 
5 7 .  3ab 5 8. oac 
1. 0 7  1 . 0 9  
Bone g_!"en_g_!:h_ 
1 6 2 . 6ab 1 88. 8b c  
1 7 1 . 3ab 203. 6b c  
48. 4 54. 8 
4. 8 1  4. 84a 
1 .  49b 1 . 50 
6. 34bd 6 . 4 7 cd 
14. 95 ab 1 5 . 88bd 
1 1 . 06ab 1 2 .  2 2ab 
56. 7 cd 53 _ 3bd 
1 .  07 1 . 1 1  
1 64. 4cd 1 90.  7ad 
1 7 8. 5 c 2 0 1 .  la 
52. 7 5 1 .  3 
* Means with common sup erscrip t s  are s ignif icantly dif ferent (P<. 05 ) .  
** Means with common superscr ip ts are signi f icantly dif ferent (P<. 0 1 ) .  
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Tab le 2.  Dif ferences in Bone Criteria Due to  Floor Type 
Circumference , cm** 
Diameter , cm* 
Length , cm>'<>'< 
Dry weight , g* 
Fat-free weight , g>< -l< 
Percent ash>'d< 
Density*'' 
Bending s t res s ,  g / cm2**  
Shear s tress , g / cm2 >'o< 
Compressive s t rength , g /cm2 
8-inch 
s lat 
concrete 
4. 80 
1. 49 
6. 44a 
1 5 . 2 7a 
l l . 02a 
5 7 .  7ad 
l . osabc 
1 5 7 . 7ad 
1 6 7. 8ad 
5 1 . 2 
Ty12e of 12en 
5-inch 3. 5- inch 
s lat slat 
concrete aluminum 
Bone Measurements 
4. 83a 
1 .  49  
6. 43b 
15 . 46b 
l l . 34a 
5 7 . oabc 
l . osdef 
Bone Strength 
165 . 6be 
1 7 8. lb 
50. 9 
4. 76ab 
1. 47 ab 
6.  36abcd  
1 4. 08ab 
1 1. 1 3b 
56. 6def 
1. 03cdgh 
1 6 1. 5 cf 
1 7 3. 4ce 
46. 2 
* Means with common supers cr ip t s  are s ignif icantly dif ferent (P<. 05 ) .  
** Means with common superscript s  are signif icantly dif ferent (P<. 0 1 ) .  
Concrete 
lot 
4. 8 1  
i. 5 oa 
6. 4 3c 
15 . 84a 
1 2. 35ab 
5 8. 7be 
1 .  ll  aeg 
2 1 0. 5abc 
2 2 4. 7abc 
5 7 . 8 
Dir t 
lot 
4. 86b 
i. 5ob 
6. 4 7d 
1 6 . 4 1ab 
1 2 . 0 1ab 
58.  5 cf 
i. 1 3bfh 
1 87 . 9def 
199 . 8de 
52 . 8 
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SOUTH DAKOTA FEED GRAINS USED FOR SWINE FEEDS 
L. J. Kor tan 
Ext ens ion Swine Sp ecialis t 
Common South Dakota grains are corn , opaque-2 corn , wheat , grain s orghum , 
millet (Pros o-white) , bar ley , oats , rye and Triticale ( durum wheat and rye ) . 
The chemical analyses  of these cereal grains and soybeans are listed in t ab le 1 .  
The value of a feedstuff is based on several f actor s ; accep t ab ility (how 
well  the material will be consumed by an animal ) , energy availab ility and as 
a source of o ther nutrients (proteins , vitamins and minerals ) .  Should a swine 
producer feed corn or wheat or bar ley or oats and others as a grain ingredient ? 
In South Dakot a ,  this will dep end p r imarily upon availability , cost  of these 
ingredient s and their value as a s ource of energy for swine . 
Corn 
Corn contains less  protein but more energy than other cereal grains . 
Because of its  abundance and readily availab le energy , corn is used as the 
base cereal f or compar !_�J:pe nutritive value of other cereal grains . Corn is 
low in protein and its protein is  def ic ient in the amino acids lys ine , methionine 
and tryp tophan . A rat ion balanced for protein us ing corn and s oybean meal may 
be s l ight ly def icient in these three amino acids for swine . 
Opaque-2 Corn 
Opaque- 2  corn dif fers from normal corn in that it  contains a mutant gene 
that provides the corn with a higher level of lysine and tryptophan . Experiments 
at South Dakot a  State Univers ity with growing-finishing swine have shown that 
1 1 /2 to 3%  lower protein diet s can be fed when us ing opaque:._� corn because of 
its superior amino acid balance . 
Tab les  2 and 3 show the diet composit ion and results of experiments when 
feeding high- lys ine corns as repor ted at the 1 9 7 3  South Dakota Swine Field Day 
( A . S .  Series 73-42) . Sixty p igs were f ed diets of normal , opaque-2 or double 
mut ant corn supp lemented with minerals and vitamins but without supp lemental 
p rotein from 1 32 t o  200 pounds . Gains were increased from 1 . 32 t o  1 . 50 lb . per 
day by f eeding the higher lysine corns i?_paq�e-� and double mut ant ) .  However , 
these  corns do not cont ain adequate lys ine t o  supp or t optimum gains as p igs fed 
a corn-soy diet gained at the fastest  and mos t  eff icient rate . Feed/gain was 
only s lightly reduced when op�que-2 corn was fed . 
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Table 1 .  Proximate Analyses of Cereal Grains and Soybeans 
------ - --- --·-- ---- -- ·-�----------- - - - -------
Corn 
Wheat 
Grain sorghum 
Proso millet 
Barley 
Oat s  
High-protein oats 
Rye 
Tr it icale 
Soybeans , cooked 
Soybean meal 
Crude Crude Crude 
protein Lys ine fat f iber ME 
____ % ___ _ % --- %-- % --cal /kga 
9 . 0  . 2 2 
9 . 0  . 40 
1 3 . S . 40 
1 1 .  0 . 2 7 
1 1 .  s . 2 1  
1 1 . s . 40 
1 2 .  0 . 34 
16 .  0 . 60 
12 . S  . 40 
18 . ob . S 8 
38 . 0  2 . 40 
4 4 . 0  2 . 8S 
4. 0 
4 . 0  
1 .  9 
2 . 8  
3. 6 
2 . 0  
4. 0 
4 . 0  
1 .  8 
1 .  s 
1 8 . 0  
1 .  0 
2 . 0  
2 . 0  
3 . 0 
2 . 0  
6 . S  
6 . 0  
1 1 . 0  
1 1 .  0 
2 . 8 
2 . S  
s . o  
7 . 0  
3 16 8  
( 1 4 2 7 )  
3 16 8  
( 14 2 7 )  
3220  
( 14SO )  
3 2 2 9  
( 14 S 4 )  
2 8 8 1  
( 12 9 7 )  
2 87 0  
( 1 2 9 2 )  
2 7 1 0  
( 1 2 2 0 )  
2 700 
( 12 2 0 )  
2 7 1 2  
( 1 22 1 )  
3 1 90  
( 14 S S )  
3S40 
( 1 S 9 4 )  
282S  
( 1 2 7 2 )  
a ME , Cal / lb . in parentheses . 
b 1 0 %  mois ture. 
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Swine Cal- Phos-
TDN c ium phorus 
% % % 
80 . 0 1  . 2S 
80 . 0 1 . 2S 
79  . OS . 4 1 
7 8  . 04 . 29 
70  . OS . 30 
70  . 06 . 40 
6S . 09 . 33 
64  . 09 . 33 
7S  . 08 . 30 
7 7  . OS • 3S 
9 2  . 2S . S9 
7 1  . 2S . 60 
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Table 2 .  Composition of Die t s  (Percent)  
Normal corn , ground 
Opaque-2 corn , ground 
Double mut ant corn , ground 
Soybean meal (44%)  
Dicalcium phosphate 
Ground limes t one 
Trace mineral salt ( . 8% zinc)  
Vit amin-antibiotic  p remixa 
Treatments 
---·-- - ----------
1 2 3 
9 7 . 4  
9 7 . 4  
9 7 . 4  
1 .  4 1 .  4 1 .  4 
. 5  . 5  . 5  
. 5  . 5  . 5  
. 2 . 2 . 2 
4 
89 . 8  
7 . 9  
1 .  1 
. 5  
. 5  
. 2  
·--- - ---------------- --
a Provided per lb . of diet : 1 5 00 IU vitamin A ,  350 IU vitamin D ,  1 . 25 mg 
riboflavin , 5 mg p antothenic acid , 1 0  mg niacin , 50 mg choline , 7 . 5  mcg 
vitamin B 1 2  and 5 mg oxytetracycline . 
Table 3 .  Resu lt s of Feeding .QEaque-2_ and Double Mut ant Corn 
to Finishing Pig s 
Corn 
Double 
Normal Opaque-2 mutant 
Number of p ig sa 1 5  15  1 5  
Avg .  ini t ial wt . , lb . 1 32 . 2  1 32 .  3 1 3 2 . 3 
Avg .  f inal wt . , lb . 1 9 8 . 9 20 1 .  3 2 0 1 . 6 
Avg .  daily gain , lb . 1 .  32  1 .  50  1 . 50 
Avg .  daily feed , lb . 6 . 4 1 6 . 36 6 . 5 8 
Feed /gain 4 . 84 4 . 2 4 4 . 40 
a Three lots  of f ive p igs each per treatment . 
4 7  
Corn-s oy 
1 5  
1 32 . 3  
202 . 5  
1 .  59  
6 . 64 
4 . 1 6  
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Wheat 
Wheat is about equal to  corn in energy value , palatability and d igestibility. 
I t s  p rotein varies more but is  cons iderab ly higher than that in corn. When 
compared with corn , wheat contains about one-third more protein. Its  protein is 
def ic ient in lys ine and tryp tophan and limited in methionine. Wheat , unlike 
corn , contains no vitamin A activ ity. Recommendat ions are that you use the same 
amount of protein supplement when formulat ing r at ions with wheat as with corn. 
A 1 6 %  protein corn rat ion would contain 80% corn and 20%  soybean meal. 
This rat ion would contain the desired . 75% lysine. A 1 6 %  protein rat ion u s ing 
wheat would contain 90% wheat and 1 0% s oybean meal. This ration would contain 
only . 60% lys ine , which is considered low for a 1 6 %  protein grower diet.  Formu­
lating a . 75%  lys ine rat ion with soybean meal and wheat to e qual that of corn 
and soybean meal would require 84% wheat and 1 6 %  soybean meal. This  ration would 
contain 1 8 %  crude protein. This means that only 320 lb. of soybean meal are 
needed to  balance the lys ine level in a wheat-s oybean meal rat ion compared t o  
us ing 4 0 0  lb. of s oybean meal in a corn-soybean meal ration , a dif ference o f  
8 0  lb. o f  protein concentrate . Therefore , the balancing o f  a wheat ration on a 
percent lys ine basis ins tead of crude p rotein is  even more satisfactory than the 
general recommendat ion that you use the same amount of protein sup p lement with 
wheat as with corn. 
Wheat should be cracked or groun d .  When ground too f ine , it has a tendency 
to form a pastry mas s in the mouth and reduces feed intake. Rolling , if possib le , 
is the bes t method for  grinding wheat . 
It  is very imp ortant that wheat rat ions be properly supp lemented with 
recommended levels of vitamins and minerals. Suggested rat ions containing wheat 
are shown in table 4 .  
Tab le 4. Swine Rat ions Containing Wheat 
_Ingredient Grower 
Wheat , ground 1 5 3 4  
Soybean meal (44% )  4 1 0  
Dicalcium phosphate 20 
Calcium carbonate 16 
Salt , trace mineral ( 1 %  zinc ) 1 0  
Premixa 1 0  
Calculated protein , % 1 9 . 4 
Calculated lys ine , % . 90 
a As sugges ted in Pork Indus try Handbook Fac t 
Sheet 2 ,  Vitamins for Swine. 
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Finisher 
1 76 4  
1 8 4  
1 8  
1 4  
1 0  
10  
1 6 . 0  
. 6 1  
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Grain sorghum ( s ome t imes ref erred to  as milo ) has been used extens ively 
in swine rations in the southwes t. In add i tion to being free from dangers of 
b light , grain sorghum is more drought res istant than corn. Sorghum can rep lace 
up to  100% of the corn in a swine diet on a pound for p ound basis , ignoring its  
p rotein content. The chemical analysis  of grain sorghum as shown in t able 5 
indicates a very s imilar nutrient composition to corn. Grain sorghum differs , 
however ,  in the following ways : 
1 .  More variability in crude protein content but , on the average , 
s light ly more protein. Even though grain sorghum frequent ly 
contains more protein than corn , the two are very s imilar in 
lys ine content. Therefore , approximately the same amount of 
supp lemental p rote in should be used with either grain sorghum 
or corn . 
2.  No vitamin A act iv i ty. 
3. Approximately 5%  less energy. 
Table 5. Nutrient Composition of Grain Sorghum 
and Corna 
Grain 
Nut rient s 
------------------· 
sorghum Corn 
% % 
Dry mat ter 89. 0 89. 0 
Ash 1. 7 1 .  3 
Crude f iber 2 . 4 2. 2 
Fat 2. 6 3. 8 
Nitrogen-free extract 72. 3 72 .  7 
Crude protein 1 1 . 0 9. 0 
Calcium . 03 . 02 
Phosphorus . 28 . 25 
Amino acids 
Cys t ine . 20 . 1 3 
Lys ine . 20 . 25 
Methionine . 10 . 1 7 
Threonine . 2 7 . 36 
Trypt ophan . 09 . 09 
---------
a Cons iderab le var iat ion in nutrient composition 
exists  between samples. The figures here are averages 
from a number of sources . 
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Grain sorghum has a tendency to have a hard outer coat . Therefore , i t  
should be ground , cracked or rolled before feeding . Rations containing grain 
sorghum are shown in table 6 .  
Bar ley 
Table 6 .  Suggested Swine Rat ions Containing 
Grain Sorghum 
---------- ----
Ingn�_ciien t 
Grain sorghum 
Soybean meal ( 4 4 % )  
Limestone ( 3 8% Ca ) 
Dicalcium phosphate 
Iodized salt 
Trace mineral premix 
Vit amin premixa 
Calculated  protein ,  
Calculated lys ine , % 
( 26% 
% 
Pigs from 
30 to 50 
pounds 
1488 
450 
15 
Ca , 1 8% P ) 25 
10  
2 
1 0  
1 8 . 45 
. 7 9  
Pigs from 
125  lb . to  
market 
1 7 45 
200 
8 
25 
1 0  
2 
1 0  
1 4 . 00 
. 47 
a As sugges ted  in Pork Industry Handbook Fac t  Shee t  2 .  
Compared with corn , bar ley contains about one-third more protein , two t imes 
more f iber and is def icient in the amino acid lysine . Theref ore , i t  is lower 
in energy than corn . Barley can rep lace 1 00% of the corn in the die t . Diets 
should be balanced t o  provide adequate lys ine and ignore the additional p rotein 
content of barley . Because of the higher f iber content of bar ley , diets which 
contain this grain will produce s l ightly lower gains . When properly supplemented 
with protein , vitamins and minerals , ground bar ley is  worth about 90 t o  95% as 
much as shel led  corn for hogs . Sugge sted rat ions are shown in t able 7 .  
Barley is  not well  adap ted to  self-f eeding free choice because p ig s  
usually e a t  more o f  the protein sup p lement than is  required to  balance the 
ration . This is because barley is less p alat ab l e .  For this reason , it  is best  
to  feed  the barley and supplement together as a mixed ration . 
Bar ley that is infested with scab may be fed t o  growing-f inishing p ig s , 
p roviding it  is l imited to  1 0% of the rat ion . In no case should the scab­
infested  bar ley be fed to the ges tating-lactating sows or young p igs . 
5 0  
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Table 7 .  Suggested Swine Rat ions Containing Bar ley 
Ingredi�n_t 
__ _ 
Barley 
Soybean meal ( 44%)  
Dicalcium phosphate 
Ground lime s t one 
Trace mineralized salt 
Vit amin premixa 
Calculated protein , % 
Calculated lys ine , a; lo 
Grower Finisher 
1 640 1 8 10 
300 140  
30  22  
1 0  8 
1 0  1 0  
10  10  
1 6 . 2 6  1 3 .  4 8  
. 74 . 56 
a As sugges ted in Pork Indus t ry Handbook Fact Sheet 2 .  
The protein content of  oat s is  approximately one-third higher than in  corn 
and oats is def icient in lys ine. Oat s  contains four t imes more fiber than corn . 
Oats are cons idered a good feed for growing pigs and brood sows but are t oo high 
in f iber and too bulky to cons t itute a maj or port ion of the ration for young 
p ig s. For growing-f inishing pig s , good quality oats weighing 32 lb. per bushe l 
or more are worth as much as she lled corn , p ound for p ound , when limited t o  less 
than one- third of the rat ion. For mature breeding animals ,  the oat content may 
be higher . Tes t s  at South Dakot a  St ate Univers ity us ing ground whole oats in 
sow ges t at ion diets have shown very des irable results if the lower energy of 
oats is taken into cons ideration and about one-third more feed is provided daily 
t o  the sow .  Oat s  contain no vitamin A activity and mus t  b e  ground for best  
utilization. Sugges ted  rations of oats and corn are shown in t ab le 8. 
Tab le 8. Sugges ted Oat s  Rations Wi th Corn 
Pigs from Pigs from 
30 to  5 0  50 t o  1 2 5  
Ingredient pounds pounds 
Ground corn 958  1058  
Ground oats 500 500 
Soybean meal ( 44 % )  4 8 0  380 
Calcium carb onate ( 3 8% Ca)  1 2  1 2  
Dicalc ium phosphate ( 26%  Ca , 18%  P)  28  28  
Iodi zed salt 1 0  1 0  
Trace mineral premix 2 2 
Vitamin premixa 1 0  10  
Calculated lys ine , % . 90 . 7 6 
a As sugges ted in Pork Indus try Handbook Fac t  Sheet 2 .  
5 1  
Pig s  from 
1 2 5  lb. t o  
marke t 
1 2 9 0  
500 
150 
8 
30 
10 
2 
10  
. 5 2 
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Hulled oats are valuable in rations f or very young p ig s , 100 lb . being 
equal to 140  lb . of corn . However ,  i t  takes 1 5 5  to 1 6 5  lb . of whole oats t o  
produce 1 00 lb . of  hulled oats .  Oat s  contain about 30% hulls . 
High-Protein Oats 
Recent work by p l ant breeders has resulted in several var ieties of oats that 
are cons iderab ly higher in p rotein than varie t ies  of the past . High-protein oats 
contain 30 to 40% more prote in and the important amino acid lys ine . The feeding 
of high-protein oats to growing-f inishing pigs at  the South Dakota s tat ion 
provides the f ollowing conclus ions : 
1 .  Cons iderable supplemental p rotein can be saved as a resul t  of 
use of high-protein , high- lys ine oat s . 
2 .  Tes t s  have shown that high-protein oats can replace up t o  50%  
of the grain in swine diets  without detrimental ef fects . 
Rat i ons based on high-protein oats are shown in t able 9 .  
Tab le 9 .  Sugges te d  High-Protein Oat s  Rat ions 
Growing-
Ingredient Pig s tarter f ini shing 
Corn 7 6 8  7 3 6  9 1 2  
Spear oats 800 800 800 
Soybean meal (48% )  3 7 2  2 2 8  
Soybean meal (44% )  404 
Dicalcium 26  2 6  2 6  
Limes t one 1 6  1 6  1 6  
Trace mineralized salt ( 1 % z inc) 8 8 8 
Vi tamin premixa 10  10  10  
Calculated lys ine , % . 90 . 70 
a As sugge s ted in Pork Indus t ry Handbook Fact Sheet 2 .  
890 
800 
250 
26  
1 6  
8 
10  
Swine producers use  less rye than other small grains in  f ormulat ing rations . 
Rye is similar t o  wheat in chemical composition but is  less p alat able to  p ig s . 
It  is normally fed in comb inat ion with more relished feeds and limited to  no 
more than one-half of the swine ration . When properly supp lemented , ground rye 
has a f eeding value 90% that of  corn . I t  should be ground for hog feed . 
Tab le 10  lis t s  rat ions containing rye that can be fed to  growing p igs . 
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Table 10 . Suggested  Swine Rations Containing Rye 
Ingredient 
Corn 
Rye ( 1 1 .  8%)  
Soybean meal ( 44%)  
Dicalcium phosphorus 
Ground limes t one 
Iodized salt 
Vitamin p remixa 
Calculated protein ,  % 
Calculated lys ine , % 
Growing p ig s  
1 
1 240 
300 
400 
20 
20 
10 
10 
1 6 .  1 7  
. 7 7  
2 
920  
600  
420  
20  
20 
10 
10 
1 6 . 9 4 
. 84 
a As suggested  in Pork Indus try Handbook Fac t Sheet 2 .  
Rye is one of the grains which may contain a fungus , ergo t . The general 
recommendation , because of the p o s s ib le presence of  this fungus , is for growing 
and f inishing diets  to contain no more than 20% rye .  Reduced gains can be 
exp ected if ergot is  present and mos t  tests  show a 10%  decrease in feed 
conversion compared with corn diet s . Rye is  not recommended in s ow gestation 
diets  because of the pos sibili ties of  ergot interfering with pregnancy , caus ing 
abortion . Likewise ,  ergot should not be permitted in the ration of lactating 
s ows or sucking p igs . 
The Univers ity of Illinois at their 1 9 6 6  Swine Growers Day repor ted that 
rye fed at levels of 1 5 %  of  the diet did not mat erially af fect performance of 
growing-f inishing swine (average daily gain , 1 . 62 lb . ;  feed / lb . gain , 3 . 85 lb . ) .  
A 30% level depressed  both rate of gain and feed e f ficiency (average daily 
gain , 1 . 49 lb . ;  feed /lb . gain , 4. 1 5  lb . ) .  Comp lete rep lacement of  corn with rye 
markedly depres sed rate of gain and feed e f f iciency . 
Tri ticale 
Triticale is a relatively new grain result ing from crossing durum wheat 
and rye . Thu s ,  it  has s ome of the same feeding values as its contributing 
parents .  Triticale may contain a fungus , e rgot . Tr iticale is not recommended 
f o r  sow ges t at ion diet s because of the p o s s ibility of  the presence of ergot . 
Michigan S tate Universi ty reported that trit icale can rep lace up t o  60% 
of  the corn in swine die t s . The Nebraska Nor th Platte Station reported that 
triticale can be successfully used as a rep lacement for corn in growing­
f inishing swine diets .  Nor th Dakota workers  recommend that triticale be limited 
to  a maximum of 25% of the rat ion for growing p igs or 50%  of the grain mixture 
for f inishing p igs . Rat ions containing dif ferent leve ls of triticale are shown 
in t able 1 1 .  
Agronomis t s  at South Dakota State University indicate that trit icale 
y ields are s imilar t o  wheat when compared in the s t andard variety trials 
throughout the s tate . 
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SOUTH DAKOTA FEED GRAINS USED FOR SWINE FEEDS 
L. J. Kor tan 
Ext ens ion Swine Sp ecialis t 
Common South Dakota grains are corn , opaque-2 corn , wheat , grain s orghum , 
millet (Pros o-white) , bar ley , oats , rye and Triticale ( durum wheat and rye ) . 
The chemical analyses  of these cereal grains and soybeans are listed in t ab le 1 .  
The value of a feedstuff is based on several f actor s ; accep t ab ility (how 
well  the material will be consumed by an animal ) , energy availab ility and as 
a source of o ther nutrients (proteins , vitamins and minerals ) .  Should a swine 
producer feed corn or wheat or bar ley or oats and others as a grain ingredient ? 
In South Dakot a ,  this will dep end p r imarily upon availability , cost  of these 
ingredient s and their value as a s ource of energy for swine . 
Corn 
Corn contains less  protein but more energy than other cereal grains . 
Because of its  abundance and readily availab le energy , corn is used as the 
base cereal f or compar !_�J:pe nutritive value of other cereal grains . Corn is 
low in protein and its protein is  def ic ient in the amino acids lys ine , methionine 
and tryp tophan . A rat ion balanced for protein us ing corn and s oybean meal may 
be s l ight ly def icient in these three amino acids for swine . 
Opaque-2 Corn 
Opaque- 2  corn dif fers from normal corn in that it  contains a mutant gene 
that provides the corn with a higher level of lysine and tryptophan . Experiments 
at South Dakot a  State Univers ity with growing-finishing swine have shown that 
1 1 /2 to 3%  lower protein diet s can be fed when us ing opaque:._� corn because of 
its superior amino acid balance . 
Tab les  2 and 3 show the diet composit ion and results of experiments when 
feeding high- lys ine corns as repor ted at the 1 9 7 3  South Dakota Swine Field Day 
( A . S .  Series 73-42) . Sixty p igs were f ed diets of normal , opaque-2 or double 
mut ant corn supp lemented with minerals and vitamins but without supp lemental 
p rotein from 1 32 t o  200 pounds . Gains were increased from 1 . 32 t o  1 . 50 lb . per 
day by f eeding the higher lysine corns i?_paq�e-� and double mut ant ) .  However , 
these  corns do not cont ain adequate lys ine t o  supp or t optimum gains as p igs fed 
a corn-soy diet gained at the fastest  and mos t  eff icient rate . Feed/gain was 
only s lightly reduced when op�que-2 corn was fed . 
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Table 1 .  Proximate Analyses of Cereal Grains and Soybeans 
------ - --- --·-- ---- -- ·-�----------- - - - -------
Corn 
Wheat 
Grain sorghum 
Proso millet 
Barley 
Oat s  
High-protein oats 
Rye 
Tr it icale 
Soybeans , cooked 
Soybean meal 
Crude Crude Crude 
protein Lys ine fat f iber ME 
____ % ___ _ % --- %-- % --cal /kga 
9 . 0  . 2 2 
9 . 0  . 40 
1 3 . S . 40 
1 1 .  0 . 2 7 
1 1 .  s . 2 1  
1 1 . s . 40 
1 2 .  0 . 34 
16 .  0 . 60 
12 . S  . 40 
18 . ob . S 8 
38 . 0  2 . 40 
4 4 . 0  2 . 8S 
4. 0 
4 . 0  
1 .  9 
2 . 8  
3. 6 
2 . 0  
4. 0 
4 . 0  
1 .  8 
1 .  s 
1 8 . 0  
1 .  0 
2 . 0  
2 . 0  
3 . 0 
2 . 0  
6 . S  
6 . 0  
1 1 . 0  
1 1 .  0 
2 . 8 
2 . S  
s . o  
7 . 0  
3 16 8  
( 1 4 2 7 )  
3 16 8  
( 14 2 7 )  
3220  
( 14SO )  
3 2 2 9  
( 14 S 4 )  
2 8 8 1  
( 12 9 7 )  
2 87 0  
( 1 2 9 2 )  
2 7 1 0  
( 1 2 2 0 )  
2 700 
( 12 2 0 )  
2 7 1 2  
( 1 22 1 )  
3 1 90  
( 14 S S )  
3S40 
( 1 S 9 4 )  
282S  
( 1 2 7 2 )  
a ME , Cal / lb . in parentheses . 
b 1 0 %  mois ture. 
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80 . 0 1  . 2S 
80 . 0 1 . 2S 
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7 8  . 04 . 29 
70  . OS . 30 
70  . 06 . 40 
6S . 09 . 33 
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Table 2 .  Composition of Die t s  (Percent)  
Normal corn , ground 
Opaque-2 corn , ground 
Double mut ant corn , ground 
Soybean meal (44%)  
Dicalcium phosphate 
Ground limes t one 
Trace mineral salt ( . 8% zinc)  
Vit amin-antibiotic  p remixa 
Treatments 
---·-- - ----------
1 2 3 
9 7 . 4  
9 7 . 4  
9 7 . 4  
1 .  4 1 .  4 1 .  4 
. 5  . 5  . 5  
. 5  . 5  . 5  
. 2 . 2 . 2 
4 
89 . 8  
7 . 9  
1 .  1 
. 5  
. 5  
. 2  
·--- - ---------------- --
a Provided per lb . of diet : 1 5 00 IU vitamin A ,  350 IU vitamin D ,  1 . 25 mg 
riboflavin , 5 mg p antothenic acid , 1 0  mg niacin , 50 mg choline , 7 . 5  mcg 
vitamin B 1 2  and 5 mg oxytetracycline . 
Table 3 .  Resu lt s of Feeding .QEaque-2_ and Double Mut ant Corn 
to Finishing Pig s 
Corn 
Double 
Normal Opaque-2 mutant 
Number of p ig sa 1 5  15  1 5  
Avg .  ini t ial wt . , lb . 1 32 . 2  1 32 .  3 1 3 2 . 3 
Avg .  f inal wt . , lb . 1 9 8 . 9 20 1 .  3 2 0 1 . 6 
Avg .  daily gain , lb . 1 .  32  1 .  50  1 . 50 
Avg .  daily feed , lb . 6 . 4 1 6 . 36 6 . 5 8 
Feed /gain 4 . 84 4 . 2 4 4 . 40 
a Three lots  of f ive p igs each per treatment . 
4 7  
Corn-s oy 
1 5  
1 32 . 3  
202 . 5  
1 .  59  
6 . 64 
4 . 1 6  
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Wheat 
Wheat is about equal to  corn in energy value , palatability and d igestibility. 
I t s  p rotein varies more but is  cons iderab ly higher than that in corn. When 
compared with corn , wheat contains about one-third more protein. Its  protein is 
def ic ient in lys ine and tryp tophan and limited in methionine. Wheat , unlike 
corn , contains no vitamin A activ ity. Recommendat ions are that you use the same 
amount of protein supplement when formulat ing r at ions with wheat as with corn. 
A 1 6 %  protein corn rat ion would contain 80% corn and 20%  soybean meal. 
This rat ion would contain the desired . 75% lysine. A 1 6 %  protein rat ion u s ing 
wheat would contain 90% wheat and 1 0% s oybean meal. This ration would contain 
only . 60% lys ine , which is considered low for a 1 6 %  protein grower diet.  Formu­
lating a . 75%  lys ine rat ion with soybean meal and wheat to e qual that of corn 
and soybean meal would require 84% wheat and 1 6 %  soybean meal. This  ration would 
contain 1 8 %  crude protein. This means that only 320 lb. of soybean meal are 
needed to  balance the lys ine level in a wheat-s oybean meal rat ion compared t o  
us ing 4 0 0  lb. of s oybean meal in a corn-soybean meal ration , a dif ference o f  
8 0  lb. o f  protein concentrate . Therefore , the balancing o f  a wheat ration on a 
percent lys ine basis ins tead of crude p rotein is  even more satisfactory than the 
general recommendat ion that you use the same amount of protein sup p lement with 
wheat as with corn. 
Wheat should be cracked or groun d .  When ground too f ine , it has a tendency 
to form a pastry mas s in the mouth and reduces feed intake. Rolling , if possib le , 
is the bes t method for  grinding wheat . 
It  is very imp ortant that wheat rat ions be properly supp lemented with 
recommended levels of vitamins and minerals. Suggested rat ions containing wheat 
are shown in table 4 .  
Tab le 4. Swine Rat ions Containing Wheat 
_Ingredient Grower 
Wheat , ground 1 5 3 4  
Soybean meal (44% )  4 1 0  
Dicalcium phosphate 20 
Calcium carbonate 16 
Salt , trace mineral ( 1 %  zinc ) 1 0  
Premixa 1 0  
Calculated protein , % 1 9 . 4 
Calculated lys ine , % . 90 
a As sugges ted in Pork Indus try Handbook Fac t 
Sheet 2 ,  Vitamins for Swine. 
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Finisher 
1 76 4  
1 8 4  
1 8  
1 4  
1 0  
10  
1 6 . 0  
. 6 1  
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Grain sorghum ( s ome t imes ref erred to  as milo ) has been used extens ively 
in swine rations in the southwes t. In add i tion to being free from dangers of 
b light , grain sorghum is more drought res istant than corn. Sorghum can rep lace 
up to  100% of the corn in a swine diet on a pound for p ound basis , ignoring its  
p rotein content. The chemical analysis  of grain sorghum as shown in t able 5 
indicates a very s imilar nutrient composition to corn. Grain sorghum differs , 
however ,  in the following ways : 
1 .  More variability in crude protein content but , on the average , 
s light ly more protein. Even though grain sorghum frequent ly 
contains more protein than corn , the two are very s imilar in 
lys ine content. Therefore , approximately the same amount of 
supp lemental p rote in should be used with either grain sorghum 
or corn . 
2.  No vitamin A act iv i ty. 
3. Approximately 5%  less energy. 
Table 5. Nutrient Composition of Grain Sorghum 
and Corna 
Grain 
Nut rient s 
------------------· 
sorghum Corn 
% % 
Dry mat ter 89. 0 89. 0 
Ash 1. 7 1 .  3 
Crude f iber 2 . 4 2. 2 
Fat 2. 6 3. 8 
Nitrogen-free extract 72. 3 72 .  7 
Crude protein 1 1 . 0 9. 0 
Calcium . 03 . 02 
Phosphorus . 28 . 25 
Amino acids 
Cys t ine . 20 . 1 3 
Lys ine . 20 . 25 
Methionine . 10 . 1 7 
Threonine . 2 7 . 36 
Trypt ophan . 09 . 09 
---------
a Cons iderab le var iat ion in nutrient composition 
exists  between samples. The figures here are averages 
from a number of sources . 
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Grain sorghum has a tendency to have a hard outer coat . Therefore , i t  
should be ground , cracked or rolled before feeding . Rations containing grain 
sorghum are shown in table 6 .  
Bar ley 
Table 6 .  Suggested Swine Rat ions Containing 
Grain Sorghum 
---------- ----
Ingn�_ciien t 
Grain sorghum 
Soybean meal ( 4 4 % )  
Limestone ( 3 8% Ca ) 
Dicalcium phosphate 
Iodized salt 
Trace mineral premix 
Vit amin premixa 
Calculated  protein ,  
Calculated lys ine , % 
( 26% 
% 
Pigs from 
30 to 50 
pounds 
1488 
450 
15 
Ca , 1 8% P ) 25 
10  
2 
1 0  
1 8 . 45 
. 7 9  
Pigs from 
125  lb . to  
market 
1 7 45 
200 
8 
25 
1 0  
2 
1 0  
1 4 . 00 
. 47 
a As sugges ted  in Pork Industry Handbook Fac t  Shee t  2 .  
Compared with corn , bar ley contains about one-third more protein , two t imes 
more f iber and is def icient in the amino acid lysine . Theref ore , i t  is lower 
in energy than corn . Barley can rep lace 1 00% of the corn in the die t . Diets 
should be balanced t o  provide adequate lys ine and ignore the additional p rotein 
content of barley . Because of the higher f iber content of bar ley , diets which 
contain this grain will produce s l ightly lower gains . When properly supplemented 
with protein , vitamins and minerals , ground bar ley is  worth about 90 t o  95% as 
much as shel led  corn for hogs . Sugge sted rat ions are shown in t able 7 .  
Barley is  not well  adap ted to  self-f eeding free choice because p ig s  
usually e a t  more o f  the protein sup p lement than is  required to  balance the 
ration . This is because barley is less p alat ab l e .  For this reason , it  is best  
to  feed  the barley and supplement together as a mixed ration . 
Bar ley that is infested with scab may be fed t o  growing-f inishing p ig s , 
p roviding it  is l imited to  1 0% of the rat ion . In no case should the scab­
infested  bar ley be fed to the ges tating-lactating sows or young p igs . 
5 0  
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Table 7 .  Suggested Swine Rat ions Containing Bar ley 
Ingredi�n_t 
__ _ 
Barley 
Soybean meal ( 44%)  
Dicalcium phosphate 
Ground lime s t one 
Trace mineralized salt 
Vit amin premixa 
Calculated protein , % 
Calculated lys ine , a; lo 
Grower Finisher 
1 640 1 8 10 
300 140  
30  22  
1 0  8 
1 0  1 0  
10  10  
1 6 . 2 6  1 3 .  4 8  
. 74 . 56 
a As sugges ted in Pork Indus t ry Handbook Fact Sheet 2 .  
The protein content of  oat s is  approximately one-third higher than in  corn 
and oats is def icient in lys ine. Oat s  contains four t imes more fiber than corn . 
Oats are cons idered a good feed for growing pigs and brood sows but are t oo high 
in f iber and too bulky to cons t itute a maj or port ion of the ration for young 
p ig s. For growing-f inishing pig s , good quality oats weighing 32 lb. per bushe l 
or more are worth as much as she lled corn , p ound for p ound , when limited t o  less 
than one- third of the rat ion. For mature breeding animals ,  the oat content may 
be higher . Tes t s  at South Dakot a  St ate Univers ity us ing ground whole oats in 
sow ges t at ion diets have shown very des irable results if the lower energy of 
oats is taken into cons ideration and about one-third more feed is provided daily 
t o  the sow .  Oat s  contain no vitamin A activity and mus t  b e  ground for best  
utilization. Sugges ted  rations of oats and corn are shown in t ab le 8. 
Tab le 8. Sugges ted Oat s  Rations Wi th Corn 
Pigs from Pigs from 
30 to  5 0  50 t o  1 2 5  
Ingredient pounds pounds 
Ground corn 958  1058  
Ground oats 500 500 
Soybean meal ( 44 % )  4 8 0  380 
Calcium carb onate ( 3 8% Ca)  1 2  1 2  
Dicalc ium phosphate ( 26%  Ca , 18%  P)  28  28  
Iodi zed salt 1 0  1 0  
Trace mineral premix 2 2 
Vitamin premixa 1 0  10  
Calculated lys ine , % . 90 . 7 6 
a As sugges ted in Pork Indus try Handbook Fac t  Sheet 2 .  
5 1  
Pig s  from 
1 2 5  lb. t o  
marke t 
1 2 9 0  
500 
150 
8 
30 
10 
2 
10  
. 5 2 
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Hulled oats are valuable in rations f or very young p ig s , 100 lb . being 
equal to 140  lb . of corn . However ,  i t  takes 1 5 5  to 1 6 5  lb . of whole oats t o  
produce 1 00 lb . of  hulled oats .  Oat s  contain about 30% hulls . 
High-Protein Oats 
Recent work by p l ant breeders has resulted in several var ieties of oats that 
are cons iderab ly higher in p rotein than varie t ies  of the past . High-protein oats 
contain 30 to 40% more prote in and the important amino acid lys ine . The feeding 
of high-protein oats to growing-f inishing pigs at  the South Dakota s tat ion 
provides the f ollowing conclus ions : 
1 .  Cons iderable supplemental p rotein can be saved as a resul t  of 
use of high-protein , high- lys ine oat s . 
2 .  Tes t s  have shown that high-protein oats can replace up t o  50%  
of the grain in swine diets  without detrimental ef fects . 
Rat i ons based on high-protein oats are shown in t able 9 .  
Tab le 9 .  Sugges te d  High-Protein Oat s  Rat ions 
Growing-
Ingredient Pig s tarter f ini shing 
Corn 7 6 8  7 3 6  9 1 2  
Spear oats 800 800 800 
Soybean meal (48% )  3 7 2  2 2 8  
Soybean meal (44% )  404 
Dicalcium 26  2 6  2 6  
Limes t one 1 6  1 6  1 6  
Trace mineralized salt ( 1 % z inc) 8 8 8 
Vi tamin premixa 10  10  10  
Calculated lys ine , % . 90 . 70 
a As sugge s ted in Pork Indus t ry Handbook Fact Sheet 2 .  
890 
800 
250 
26  
1 6  
8 
10  
Swine producers use  less rye than other small grains in  f ormulat ing rations . 
Rye is similar t o  wheat in chemical composition but is  less p alat able to  p ig s . 
It  is normally fed in comb inat ion with more relished feeds and limited to  no 
more than one-half of the swine ration . When properly supp lemented , ground rye 
has a f eeding value 90% that of  corn . I t  should be ground for hog feed . 
Tab le 10  lis t s  rat ions containing rye that can be fed to  growing p igs . 
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Table 10 . Suggested  Swine Rations Containing Rye 
Ingredient 
Corn 
Rye ( 1 1 .  8%)  
Soybean meal ( 44%)  
Dicalcium phosphorus 
Ground limes t one 
Iodized salt 
Vitamin p remixa 
Calculated protein ,  % 
Calculated lys ine , % 
Growing p ig s  
1 
1 240 
300 
400 
20 
20 
10 
10 
1 6 .  1 7  
. 7 7  
2 
920  
600  
420  
20  
20 
10 
10 
1 6 . 9 4 
. 84 
a As suggested  in Pork Indus try Handbook Fac t Sheet 2 .  
Rye is one of the grains which may contain a fungus , ergo t . The general 
recommendation , because of the p o s s ib le presence of  this fungus , is for growing 
and f inishing diets  to contain no more than 20% rye .  Reduced gains can be 
exp ected if ergot is  present and mos t  tests  show a 10%  decrease in feed 
conversion compared with corn diet s . Rye is  not recommended in s ow gestation 
diets  because of the pos sibili ties of  ergot interfering with pregnancy , caus ing 
abortion . Likewise ,  ergot should not be permitted in the ration of lactating 
s ows or sucking p igs . 
The Univers ity of Illinois at their 1 9 6 6  Swine Growers Day repor ted that 
rye fed at levels of 1 5 %  of  the diet did not mat erially af fect performance of 
growing-f inishing swine (average daily gain , 1 . 62 lb . ;  feed / lb . gain , 3 . 85 lb . ) .  
A 30% level depressed  both rate of gain and feed e f ficiency (average daily 
gain , 1 . 49 lb . ;  feed /lb . gain , 4. 1 5  lb . ) .  Comp lete rep lacement of  corn with rye 
markedly depres sed rate of gain and feed e f f iciency . 
Tri ticale 
Triticale is a relatively new grain result ing from crossing durum wheat 
and rye . Thu s ,  it  has s ome of the same feeding values as its contributing 
parents .  Triticale may contain a fungus , e rgot . Tr iticale is not recommended 
f o r  sow ges t at ion diet s because of the p o s s ibility of  the presence of ergot . 
Michigan S tate Universi ty reported that trit icale can rep lace up t o  60% 
of  the corn in swine die t s . The Nebraska Nor th Platte Station reported that 
triticale can be successfully used as a rep lacement for corn in growing­
f inishing swine diets .  Nor th Dakota workers  recommend that triticale be limited 
to  a maximum of 25% of the rat ion for growing p igs or 50%  of the grain mixture 
for f inishing p igs . Rat ions containing dif ferent leve ls of triticale are shown 
in t able 1 1 .  
Agronomis t s  at South Dakota State University indicate that trit icale 
y ields are s imilar t o  wheat when compared in the s t andard variety trials 
throughout the s tate . 
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Table 1 1 .  Sugges ted Tr iticale Rations 
50% corn 1 /3 tri ticale 
Ingredient _ ___ _ ________ _______ _  __29__% trit�cale 2 / 3  corn 
Corn , ground 
Trit icale 
Soybean meal (44% )  
Dehydrated alfalfa meal 
Calcium carbonate ( 38% Ca) 
Dicalcium phosphate ( 26% Ca , 1 8% P ) 
Salt 
Vit amin premixa 
Calculated content , % 
Protein 
Lysine 
Calcium 
Phosphorus 
785  
7 85 
300 
40 
30 
30 
lC 
1 0  
1 6 . 40 
. 75  
. 75 
. 6 1  
a As sugges ted in Pork Indus try Handbook Fact Sheet 2 .  
Millet 
1 000 
500 
380 
40 
30 
30 
1 0  
10  
1 6 . 50 
. 80 
. 7 1  
. 54 
100 %  
triticale 
1 5 7 0  
300 
so 
30 
30 
10 
10 
1 5 . 84 
. 80 
. 6 7 
. 83 
Millet for p igs will nearly equal corn in p ounds of pork produced per day 
per p ound of feed fed. Pro s o-millet needs only 65 days to mature. Thus , i t  
g e t s  its  name a s  a " catch crop . "  I n  a year o f  mois ture shortage , many acres of 
millet are p lanted and harvested. This is  especially true in the north central 
area of South Dakot a. 
Nutritionally , proso-millet has more total protein than mos t  corn. However ,  
the quality of protein is lower s ince i t  is  s ignif icant ly lower in lys ine , an 
es sent ial amino acid. Proso-millet also has mor e crude fiber and less vitamin A 
than corn. Millet should be crushed prior to  feeding for p ig s. 
Research work at  South Dakota  State University during 1 9 36 showed a feeding 
value of 8 1  to 93%  that of she l led corn. More recent research indicates a 
f eeding value of 85 to  9 5 %  that of corn. 
The chemi cal analyses  of the p roso used in 1 936 an d a samp le t aken in 1 9 7 7  
are shown in t able 1 2 .  Tab le 1 3  shows a ration containing millet  where millet 
replaces corn on a pound for pound bas is. 
Relative feeding value s of different grains compared t o  corn are shown 
in table 1 4 .  
5 4  
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Tab le 1 2 .  Composit ion o f  Proso Millets  
White Re d White 
Pro so  Pro so  Pro so  
- _ _  (l9 3 6_2_ ____ ______ D:_9 3 6J_ __ _____ __ -( 1 9  7 7_) __ 
Mois ture 10 . 2 9 9 . 7 8 14 . 6 1 
Ash 
Fat 
Protein 
Crude fiber 
Nit rogen-free extract 
Lys ine 
3 . 06 
4 . 2 1 
1 4 . 50 
8 . 1 2  
5 9 . 82 
------- -- -
2 . 88 
4 . 3 8 
1 4 . 50  9 .  84 
8 . 20 
60 . 2 6 
. 1 8 
-- --
Tab le 1 3 .  Sugge sted Swine Rat ion Containing Mil le t  Compared 
With Suggested Swine Ration Containing Corn 
With Same Lysine Leve l  
Ingredients Corn Millet 
Corn 1 635  
Mil let (Proso) 1635  
Soybean meal ( 4 4 % )  300 300 
Limes t one ( 38% Ca) 
Dicalcium phosphate ( 1 8 . 5 % P ,  2 6 %  Ca) 45 45  
Iodized salt , trace mineral (high z inc)  10 10 
Vitamin p remix 10  10  
Calculated content , % 
Protein 1 4 . 00 15 . 9 7 
Lys ine . 7 1  . 70 
Calcium . 70 . 68 
Phosphorus . 60 . 64 
------- ----- --------------------
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Table 14 .  Value of Corn Subs t itutes f or Finishing Hogs 
Re lat ive feeding values 
(air-dry basis )  
_____________ j_Pe r cent_) ___ _ 
Corn (high lys ine ) 
Grain sorghum , ground 
Millet (Proso) , crushed 
Barley , ground 
Oat s ( 36 lb. /bu. ) ,  ground 
Oats (high protein) , ground 
Wheat (hard ) ,  ground 
Rye , ground 
Tri t icale , ground 
1 00- 1 05 
95- 100 
90- 95  
85- 95 
80- 90 
90 
100 
90 
90- 95 
Maximum 
replacement 
(Percen t )  
100 
100 
100 
100 
30  
so  
100 
25 
85  
Feed grain prices  may vary at  t imes and may give the hog producer an 
oppor tunity to substitute for the normal corn ration. Grain sorghum , barley , 
wheat and oat s , if properly balanced , are excellent hog feed grains. Their 
approximate value per bushel compared with corn can be e s t imated as follows : 
Examp le (us ing barley) 
Corn selling f or $ 1 . 75 per bushel or $ 3 . 1 2 per cwt. 
What can you pay for barley , cons ide ring barley at 90% the value 
of corn ? 
Multip ly $ 3 . 12  per cwt . (price of  corn) x 90%  (value of b arley) 
90 x $ 3 . 12  = $ 2 . 80 per cwt. (what you can pay for barley ) 
5 6  
